


NOV { 2 1928 


Vor. 17 SUPPLEMENT No. 4 
to the Part 2 
JOURNAL OF THE OPTICAL SOCIETY OF AMERICA AND 


REVIEW OF SCIENTIFIC INSTRUMENTS 
OCTOBER ISSUE, 1928 








OPTICAL SOCIETY OF AMERICA 


PROGRAM 


of the 


Michelson Meeting 


(Thirteenth Annual Meeting) 
WASHINGTON 


November 1, 2, and 3, 1928 


By order of the Executive Council this meeting is designated “The Michelson Meeting” 
in honor of Professor Albert A. Michelson, Dean of American Optics. 


CATALOG 


of the 


Optical Exhibition 
at the 
NATIONAL BUREAU OF STANDARDS 
October 31 to November 3, 1928 








The Journal of the Optical Society of America and Review of Scientific Instruments is 
published monthly by the Optical Society of America at the George Banta Publishing Com- 
pany, 450 Ahnaip Street, Menasha, Wisconsin. Editor-in-chief: Paul D. Foote, Mellon 
Institute of Industrial Research, University of Pittsburgh, Pittsburgh, Pa. Assistant Editor- 
in-chief: F. K. Richtmyer, Cornell University, Ithaca, N.Y. Consulting Business Manager: 
M. E. Leeds, Philadelphia, Pa. 


Entered as second-class matter May 31, 1921, at the post office at Menasha, Wis., under the 
Act of March 3, 1879. Acceptance for mailing at special rate of postage provided 
for in the Act of February 28, 1925, embodied in paragraph 4, 
section 412, P.L. and R. authorized June 19, 1925. 








THE OPTICAL SOCIETY OF AMERICA 


PURPOSE AND SCOPE 


The Optical Society of America is a national organization devoted 
to the advancement of optics and the service of all who are interested 
in any phase of that science—be it fundamental research, the manu- 
facture of optical instruments and products, or the application of optical 
technics to any of various purposes in science and industry. 

The activities of the Optical Society, its meetings, and the contents 
of its Journal will be found to be of interest and service to an extensive 
and diverse clientele:—physicists, chemists, biologists, psychologists, 
ophthalmologists, optometrists, astronomers, mineralogists, artists, 
illuminating engineers, manufacturers, and various technologists who 
are concerned with the application of optical methods. It solicits the 
support and membership of all persons “interested in optics” whatever 
the specific interest may be. 


APPLICATIONS FOR MEMBERSHIP 


All persons desiring to join the society or cooperate with it in any 
way are invited to communicate with the president or the secretary. 

Detailed information concerning the society, classes of membership 
and dues, and membership application blanks may be obtained at the 
registration desk (head of stairway, fourth floor, East Building, Bureau 
of Standards) at any time during this meeting. 


OFFICERS AND EXECUTIVE COUNCIL 
1928-1929 


The executive council consists of the president, the vice-president, 
the secretary, the treasurer, the past president, the editor-in-chief of 
the Journal, the assistant editor-in-chief and business manager of the 
Journal, as ex officio members; and four members at large elected by 
the society. 


President Irwin G. Priest 
Vice-President Loyd A. Jones 
Secretary Charles C. Bidwell 
Treasurer Adolph Lomb 
Editor-in-Chief Paul D. Foote 
Asst. Ed.-in-Chief F. K. Richtmyer 
Past President W. E. Forsythe 
Elected Members of Council 
L. R. Ingersoll A. H. Pfund 


P. E. Klopsteg W. F. Meggers 












































This Meeting is Named in Honor of 


Albert A. Michelson 


In Celebration of 
The Semi-Centennial of the 
Publication 
of his 
First COMMUNICATION ON THE VELOCITY or LIGHT 
(Silliman’s Journal, 15, p. 394; 1878) 
and 
In Appreciation of 
His Preeminent Contributions to Optics 


Extending Over Half a Century: 


1878 Method for measuring the velocity of light. 

1879 Determination of the velocity of light, 

1881 First experiments on ether drift. 

1882 The Michelson interferometer, 

1884 Measurement of the velocity of light in water and carbon 
disulphide. 

1886 The influence of the motion of the medium on the velocity 

of light. 

1887 The Michelson-Morley experiment on ether drift. 

1891 Measurement of Jupiter’s satellites by interference. 

1892 The visibility of interference fringes—homogeneity and 

fine structure of spectral lines. 
1893 Comparison of cadmium wave lengths and the length 
of the international meter. 

1897-1898 Separation of the components in the Zeeman effect. 

1898 Harmonic analyzer. 

1900 The echelon spectroscope. 

1913 Analysis of sun-spot cycle. 

1914 Measurement of the rigidity of the earth—revealing 
earth tides. 

1915-1916 Ruling, testing, and performance of a 10-inch 

diffraction grating. 

1921 Measurement of the diameter of a-Orionis with inter- 
ferometer. 

1924 New measurements of the velocity of light. 

1925 Effect of earth’s rotation on the velocity of light. 

1928 Repetition of the Michelson-Morley experiment. 
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of the 


Michelson Meeting 


of the 


OpTIcAL SOCIETY OF AMERICA 








INTRODUCTION 


This meeting of the Optical Society is distinguished by a number 
of features of exceptional interest. 

It celebrates the semi-centennial of the publication of Professor 
Michelson’s method for measuring the velocity of light. After half a 
century of a life devoted to research in optics and distinguished by most 
preeminent contributions to the cardinal data of optical science, Pro- 
fessor Michelson contributes to this meeting a paper on “Results of 
Repetition of the Michelson-Morley Experiment,” giving his latest 
conclusions on the famous “ether drift” experiment which, first made 
more than forty years ago, still commands great interest as affecting 
the fundamental concepts of physics. 

At this meeting, Dr. Herbert E. Ives will formally present to the 
Optical Society the Frederic Ives Medal which he has founded and en- 
dowed in honor of his father Frederic Ives, distinguished for his notable 
pioneer contributions to color photography, photo-engraving, three- 
color process printing, and other branches of applied optics; and will 
commission the society to award this medal biennially “for distinguished 
work in optics”. 

In connection with the meeting there will be an Optical Exhibition 
under the joint auspices of the Optical Society and the Bureau of 
Standards. This exhibition will include (1) present day instruments 
commercially manufactured, (2) exhibits of current research in optics, 
(3) instruments of historic interest (4) books illustrating the history 
of the development of optics, (5) instruments and apparatus of the 
Bureau of Standards im situ in the various laboratories. The exhibit 
of books is being arranged, with the cooperation of Mr. A. Fanti, Libra- 
rian of the Bureau of Standards, by Mr. F. E. Brasch, Chief, Smith- 
sonian Division, Library of Congress, and Secretary of the History of 
Science Society. Its object is to illustrate by rare and important books 
and portraits the history of optical science, and to exhibit some of the 
most outstanding current works. The thanks of the society are due to 
Mr. Brasch and Mr. Fanti for the earnest and enthusiastic effort they 
are giving to the preparation of this exhibit. The collection of instru- 
ments of historic interest contains a selection of typical microscopes 
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from the very large permanent display which forms a part of the U. S. 
Army Medical Museum. A replica of one of the early simple micro- 
scopes constructed by Leeuwenhoek, is shown. With instruments of 
this type he made his remarkable studies of the life histories of lower 
forms of animal life. The more important steps in the development 
of the microscope from this period to the present are illustrated by 
originals or replicas. The Optical Society is glad to take this oppor- 
tunity to thank Major George R. Callendar and Mr. A. R. French 
for their generous cooperation in planning and arranging this exhibit. 
The exhibit of instruments currently manufactured commercially will 
afford investigators and teachers a valuable opportunity to obtain 
pertinent information concerning available instruments. 

The ideal which has guided the selection of invited papers has been 
to secure a well balanced program and make some contribution to the 
attempt to integrate optical science. In addition to the paper by Pro- 
fessor Michelson and his collaborators, the program includes a notable 
group of invited papers on physical optics. There is likewise a notable 
group on biological optics; and members of the Optical Society are also 
invited to attend a joint meeting of the Philosophical Society of Wash- 
ington and the Biological Society of Washington to be addressed by Dr. 
Selig Hecht on the “Nature of the Sensitivity of Animals to Light.” It is 
hoped that these biological papers may serve a very useful purpose in 
presenting to physicists the biologist’s current problems in optics and 
the applications of optics to their investigations; and so contribute to 
the advancement of science by bringing about more intimate acquain- 
tance between these two groups. Dr. L. T. Troland will present, by 
invitation, the psychologist’s view of optics. 

Professor W. H. Wright’s remarkable motion pictures of the planets 
which aroused such hearty applause when first shown at the meeting 
of the Royal Astronomical Society last summer will be shown again by 
invitation at this meeting. 

There will be a demonstration of Technicolor motion pictures by 
Dr. Leonard T. Troland, Director of Research of the Technicolor 
Motion Picture Corporation. 

A party will be formed to visit the Naval Observatory, inspect its 
equipment, and enjoy a rare opportunity to view celestial objects 
through one of the world’s famous telescopes. 

Several other institutions of optical interest—the National Academy 
of Sciences, the Smithsonian Astrophysical Observatory, the Carnegie 
Department of Terrestrial Magnetism and the Corcoran Gallery of Art 
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—invite members of the Optical Society to take this opportunity io 
visit them. 

The sessions of the Optical Society for the presentation of papers wil! 
occupy only three days, November 1, 2, 3; but since these days will be 
well taken up by these sessions, it is suggested that those who wish ful! 
opportunity to view the Optical Exhibition and visit the laboratories 
of the Bureau of Standards and other institutions in Washington with 
out missing the sessions of the Society, will do well to plan their sojourn 
in Washington from October 31 to November 5 inclusive. With this 
idea in mind it has been arranged to have the exhibition open at 9:00 
A.M. Wednesday, October 31; and members of the society are especially 
invited to visit the Bureau of Standards laboratories on either Wednes- 
day, October 31, or Monday, November 5. Suggestions for spending 
Sunday are given in the Appendix to this program. 

Grateful acknowledgement is due to Professor C. A. Skinner, Mr. 
H. D. Hubbard, Dr. I. C. Gardner and Dr. W. F. Meggers of the 
Bureau of Standards for valuable advice and assistance in the prepara- 
tion of this booklet. 

Irwin G. PRIEST 


PRESIDENT 
NATIONAL BUREAU OF STANDARDS, 
WASHINGTON, 
September 19, 1928. 























COMMITTEES FOR THIS MEETING 


Bureau of Standards Committee on General Arrangements for the Meeting 
(Representing the Director of the Bureau): Frederick J. Bates (Chair- 
man); E. C. Crittenden, Geraldine K. Walker, G. H. Vaneman. 


Joint Committee of the Bureau of Standards and the Optical Society on 
the Optical Exhibition: 1. C. Gardner (Chairman); Henry D. Hub- 
bard, Raymond Davis, G. H. Vaneman. 

Committee on Exhibition of Books on Optics: Frederick E. Brasch, 
Chief, Smithsonian Division of the Library of Congress and Secre- 
tary of the History of Science Society (Chairman); A. Fanti, Li- 
brarian, Bureau of Standards; I. C. Gardner, Bureau of Standards. 

Optical Society Committee on Registration, Hotel Headquarters and Dinner: 
Frederick J. Bates. 

Optical Society Committee on Visit to the Naval Observatory: C. C. Kiess. 


GENERAL INFORMATION 


Hotel headquarters and rates: 
WARDMAN ParK HoTeL: Woodley Road just west of Connecticut 
Avenue, about one and a quarter miles south of the Bureau of 
Standards. 


Single room with bath $4.00 
Double room, (twin beds) with bath $6.00 


It is believed that the suburban environment and pleasant appoint- 
ments of this hotel as well as its comparative proximity to the Bureau 
of Standards will contribute to the pleasure of attending this meeting. 
Requests for reservations should be addressed to Frederick J. Bates, 
Bureau of Standards, Washington, D. C. 

Meeting places: 

All sessions of the Optical Society will be held in the large lecture 
room, fourth floor, East Building, Bureau of Standards. 

The joint meeting of the Philosophical Society of Washington and 
the Biological Society of Washington, to which members of the Optical 
Society are invited Saturday evening will be in the Cosmos Club 
auditorium. Enter through garden gate just north of the Belasco 
Theatre, on Madison Place (east side of Lafayette Square), between 
Pennsylvania Avenue and H Street. 
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Routes and Directions: 

(Cf. map, inside, back cover) 

The Bureau of Standards and Wardman Park Hotel are both locate | 
on the west side of Connecticut Avenue in the northwest suburbs «/ 
Washington. The Bureau is about five miles from the Union Station 
and about three and one-half miles from the White House. The hotc! 
is about one and one-quarter miles on the down-town side of the Bureau 

Either the Bureau or the hotel may be reached from the Union 
Station without transfer by (1) Capital Traction street car marked 
“Bureau of Standards” or (2) Capital Traction “de luxe” bus (fare 25 
cents) marked “Chevy Chase.” 

Either the Bureau or the hotel may be reached from the neighbor- 
hood of the White House without transfer by Capital Traction street 
cars marked “Chevy Chase”, “Chevy Chase Lake” or “Kensington”. 

The Bureau may be reached from the hotel by any northbound 
street car; or, if time permits, it will be found a very pleasant morning 
walk along Connecticut Avenue. 

For those who come in their own cars, parking space is reserved just 


north of North Building (the old power plant). See map, outside back 
cover. 


Approximate taxicab fares: 
Union Station to Bureau of Standards $1.55 
Union Station to Wardman Park Hotel 1.25 
Wardman Park Hotel to Bureau of Standards 0.55 





Guests and Visitors: 


The sessions for the reading of papers and the exhibition are open to 
all interested persons. 


Registration and Information: 

All members and visitors are requested to register at the desk at the 
head of the stairway, fourth floor, East Building, Bureau of Standards. 

In registering, please obtain your tickets for the dinner and visit to 
the Naval Observatory. 

The attendant at the desk will give information concerning the bureau 
and the Optical Society and provide guide service about the bureau. 
Meals at the Bureau of Standards: 

Members and visitors may obtain luncheon at the Bureau of Stan- 


dards cafeteria, third floor, Industrial Building at 1:00 P.m. on all 
days of the meeting. 





DINNER IN HONOR OF PROFESSOR MICHELSON 


The dinner will be held at 7:00 p. m., Friday, November 2, at the 
Cosmos Club. 

Tickets should be secured at the registration desk, head of stairway 
East Building, Bureau of Standards before noon, November 2. 


INSTITUTIONS AND LABORATORIES OF OPTICAL 
INTEREST IN WASHINGTON 


There are in Washington a large number of institutions, laboratories, 
and observatories of special interest to members of the Optical Society. 
Unfortunately, it is impracticable to arrange for formal group visits 
to all of them. To obtain the full benefits of a trip to Washington with- 
out missing sessions of the society, it is suggested that members come 
a day early or stay over Monday to visit some of these places. (See 
also Appendix to this program.) The following institutions have espe- 
cially invited members of the Optical Society to visit them at this 
time. 


NATIONAL ACADEMY OF SCIENCES 
B and 21st Streets, opposite Lincoln Memorial. 
There are a large number of exhibits of scientific interest. Among 
the optical exhibits are included the following: Projected solar spec- 


trum, strain finder, (optical glass) Michelson interferometer (small dis- 
placements made visible by light) waves, Michelson interferometer for 
measuring linear distance, interferometer illustrating the measurement 
of diameters of stars and distances between the components of close 
double stars, experiment to prove the pressure of light, Adams spectro- 
scopic method of measuring the distances of stars, Zeeman effect. 
THE NAVAL OBSERVATORY 
C. S. Freeman, Capt. U. S. N., Superintendent. 
Massachusetts Avenue at 34th Street. 

(Members and guests of the Optical Society will be received by card 

Thursday evening, November 1.) 
THE ASTROPHYSICAL OBSERVATORY OF THE SMITHSONIAN INSTITUTION 
C. G. Abbot, Director. 
The Mall, south of the Smithsonian Institution (brown stone 
building). 

(From the Bureau of Standards or Wardman Park Hotel, take south- 
bound street car marked “7th Street Wharves”, alight about the middle 
of the Mall and walk to right.) 

Members of the Optical Society are invited to inspect the instruments 
used in solar constant work. Open from 9:00 a.m. to 4:30 P.M. except 


Sunday. 
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DEPARTMENT OF TERRESTRIAL MAGNETISM OF THE CARNEGIE 
INSTITUTION. 


Louis A. Bauer, Director; J. A. Fleming, Assistant Director. 
36th Street and Broad Branch Road on the edge of Rock Creek 
Park. (See map inside of back cover). 

(From the Bureau of Standards or Wardman Park Hotel, take north- 
bound car, marked “Chevy Chase”, “Chevy Chase Lake” or “Kensing 
ton”, alight at 36th Street and walk to the right on 36th Street about 
one-half mile.) 

Laboratory work now under way includes the production and appli- 
cation of high voltages, the measurement of the effective heights of 
the Kennelly-Heaviside layer, the recording of atmospheric-electric ele- 
ments, and the production of quartz fibers. 

Members of the Optical Society have been especially invited to visit 
the laboratory which is open to visitors every day except Saturdays 
and Sundays from 9:00 a.m. to 4:00 p.m., and on Saturdays from 9:00 
A.M. to 1:00 P.M. 


DIRECTORY OF OPTICAL WORK AND PERSONNEL AT THE 
BUREAU OF STANDARDS 


One of the most important functions of the meetings of a scientific 
society is to promote personal acquaintance among men who are inter- 
ested in like specialties. It is with this thought in mind that this 
directory is inserted, to assist visitors in finding the men whose work 
or whose interests may be of interest to them. 

Members of the Bureau staff will be glad to renew old acquaintances 
and make new ones. While they will be glad to see visitors in their 
laboratories during the days of the meeting in so far as practicable 
between sessions of the society, it is suggested that visitors desiring 
to spend much time in the laboratories plan their visits for Wednesday, 
October 31, or Monday, November 5. Appointments with members of 
the staff may be made by calling them by name from any branch phone 
in the Bureau. 

This directory is in two parts: (1) A directory of the Optics Division 
by its organization in sections; (2) A partial directory of members of 
the staff interested in optics in other divisions, arranged so as to indicate 
roughly their specialized interests. 
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Optics DIvISsION 
C. A. Skinner, Chief, 415 South. 


Spectroscopy, 214 South.—W. F. Meggers, C. C. Kiess, T. L. de Bruin, B. H. Carroll, C. L. 
Humphreys, D. Hubbard. 

Polarimetry, 306 West.—F. J. Bates, C. S. Hudson, R. F. Jackson, A. Q. Tool, J. F. Brewster, 
F. P. Phelps, C. F. Snyder, L. D. Hammond, P. E. Golden. 

Colorimetry, 400 South.—I. G. Priest, K. S. Gibson, D. B. Judd, Geraldine K. Walker, 
Mabel E. Brown. 

Optical Instruments, 407 East.—I. C. Gardner, A. H. Bennett, L. W. Tilton. 

Radiometry, 119 South.—W. W. Coblentz, R. Stair. 

Atomic Physics, Radium and X-rays, 212 West.—F. L. Mohler, L. F. Curtiss, W. W. Nicholas, 
L. S. Taylor, R. M. Langer, C. Boeckner, Constance L. Torrey. 

Interferometry, 114 South.—C. G. Peters, G. E. Merritt, W. B. Emerson. 

Photographic Laboratory, 338 Industrial.—R. Davis. 

Optical Shops, 336 Industrial.—E. F. Webb, E. L. Robinson. 


PERSONNEL INTERESTED IN OPpTICs IN OTHER DIVISIONS 


Photometry and Illumination, 210 East Bldg.—E. C. Crittenden, J. F. Meyer, J. F. Skogland, 
E. G. Anderson, R. P. Teele, L. E. Barbrow, F. C. Breckenridge, J. E. Nolan. 

Reflectometry.—H. J. NcNicholas, 107 Industrial Bldg. 

Pyrometry.—H. T. Wensel, 210 West Bldg. 

Metallographic microscopy.—H. S. Rawdon, 105 Northwest. 

Petrographic microscopy.—F. W. Ashton, 270 Industrial Bldg.; H. Insley, 270 Industrial 
Bldg. 

Metrology.—L. V. Judson, 209 South Bldg.; B. L. Page, 209 South Bldg.; M. M. Gardner, 
209 South Bldg.; W. Souder, 108 South Bldg.; P. Hidnert, 109 South Bldg.; D. R. Miller, 
202 Northwest Bldg.; I. H. Fulmer, 202 Northwest Bldg.; M. D. Hersey, 108 West. 

Application of interferometry to measurement of expansion.—G. W. Wray, 141 Industrial 
Bldg.; R. A. Heindl, 247 Industrial Bldg.; H. G. Schurecht, 205 Industrial Bldg.; W. Souder, 
108 South Bldg. 

Optical strain gage (Tuckerman extensometer).—C. S. Aitchison, 241 Industrial Bldg.; J. A. 
Miller, 241 Industrial Bldg.; L. B. Tuckerman, 241 Industrial Bldg.; J. R. Freeman, Jr., 
110 Northwest Bldg.; H. J. French, 102 Northwest Bldg. 

A pplication of optical measurements to aeronautics—V. E. Whitman, 311 Northwest Bldg. 

A pplication of spectrophotometry to chemical analysis.—S. F. Acree, 225 Industrial Bldg. 

Application of spectrophotometry to study of dyes and dyed textiles-——W. D. Appel, 302 
Chemistry Bldg. 

A pplication of spectrophotometry and other optical methods to testing paints and pigments.— 
P. H. Walker, 417 Chemistry Bldg.; H. D. Bruce, 412 Chemistry Bldg.; J. H. Wilson, 404 
Chemistry Bldg. 

Optical properties of paper.—R. E. Lofton, 107 Industrial Bldg. 

Optical absorption at low temperatures.—F. G. Brickwedde, 22 Low Temperature Bldg. 

Optical methods in gas explosions.—F. W. Stevens, 109 West Bldg. 

Stroboscopic investigation of flame spread.—C. F. Marvin, Jr., 107 West Bldg. 

Gas interferometry. —E. R. Weaver, 203 Chemistry Bldg. 

Amateur telescope construction —H. G. Boutell, 302 South Bldg. 

Graphic Arts —Henry D. Hubbard, 315 South Bldg. 

Manufacture of optical glass.—A.N. Finn, 25 Industrial Bldg.; W.H. Wadleigh, 25 Industrial 
Bldg. 

Microscopy of Rotifera.—H. K. Harring, 209 NW. 
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CALENDAR OF MEETING AND EXHIBITION 


The sessions of the Optical Society occupy only three days, November 1 to 3, inclusive 
The Optical Exhibition will be open from 9:00 a.m. to 5:00 p.m., October 31 to Novembe: 
3, inclusive. 2 

Visitors are invited to inspect the laboratories of the Bureau of Standards on Wednes 
day, October 31 and Monday, November 5, as well as during the days of the meeting. Sex 
also Appendix in this booklet. 


Thursday, November | 


9:00 a.m. Welcome by the Secretary of Commerce. 
Business, Reports and Papers on Geometrical Optics, 
Photometry, Colorimetry, and Technic. 
1:00 p.m. Lunch. 
2:30 p.m. Demonstration of Technicolor Motion Pictures. 
Motion Pictures of the Planets. 
8:00 p.m. Visit to Naval Observatory (Party will leave Wardman 
Park Hotel at 7:45) 


Friday, November 2 


9:00 a.m. Papers on Physical Optics 
1:00 p.m. Lunch. 


If necessary, a special session will be called about 2:00 or 3:00 p.m. for papers which 
may have been passed in the previous sessions. If this is not necessary, the afternoon up to 
the time when Prof. Michelson’s paper is scheduled will be free for visiting exhibitions of 
books and instruments and the laboratories of the Bureau of Standards. Announcement will 
be made at the end of the morning session. 

3:30 p.m. Paper by Prof. Michelson and collaborators on “Results 

of Repetition of the Michelson-Morley Experiment”. 

4:00 p.m. Tea. 

7:00 p.m. Dinner in Honor of Professor Michelson. 


Saturday, November 3 


9:00 a.m. Papers on Biological Optics. 

1:00 p.m. Lunch. 

2:30 p.m. Address by Dr. Leonard T. Troland on “Optics as Seen 
by a Psychologist”. 

Papers on Physiological Optics. 

8:15 p.m. Joint Meeting of the Philosophical Society of Washington 
and the Biological Society of Washington to which 
members of the Optical Society are invited. Address by 
Dr. Selig Hecht on “The Nature of the Sensitivity of 
Animals to Light”. 
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PROGRAM OF SESSIONS 
(TITLES AND ABSTRACTS OF PAPERS) 


(N.B.—These advance abstracts are printed subject to correction 
of typographical errors. Authors have not seen proof. Corrections 
should be sent to the secretary promptly. Unless corrections are received 
before November 10, the abstracts will be reprinted in the Proceedings 
of the Meeting exactly as they appear here. Material alterations or 
extensions of the original manuscript of the abstracts are not permis- 
sible.) 

Thursday, November 1 
9:00 A.M. 


BUSINESS, GEOMETRICAL OPTICS, PHOTOMETRY, 
COLORIMETRY, AND TECHNIC. 


Address of Welcome Secretary of Commerce 
Informal Report of the Secretary 

Informal Report of the Treasurer 

Other Business 


SCIENTIFIC REPORTS AND PAPERS 


Papers passed or not reached at this session may be called at the end of 
the afternoon session or at a special session November 2. 


1. Committee on Standards of Photographic Intensity 


L. A. Jones (Chairman); E. C. Crittenden, Raymond Davis, K. S. 
Gibson, A. C. Hardy, H. E. Ives, C. E. K. Mees, A. G. Worthing. 


RESOLUTIONS DEALING WITH THE PHOTOGRAPHIC UNIT OF INTENSITY 
PRESENTED AT_THE INTERNATIONAL CONGRESS OF PHOTOGRAPHY 


At a meeting of the Scientific Section of the International Congress of Photography on 
the morning of Thursday, July 12, the report of the Committee of the American Optical Society 
on the photographic standard of intensity was.read, and the adoption of the recommendation 
relating to the standard itself was put as a motion by Dr. Mees and seconded by Dr. Sheppard. 

Mr. Guild of the National Physical Laboratory considered that the definition proposed 
was not satisfactory since the sunlight was not of a sufficiently defined quality. He-was not 
prepared to accept the standardization of it from Abbot’s values. In the National Physical 
Laboratory, also, no difficulty had been met with in the use of ammoniacal solutions which 
were not found to change in closed cells, and since pyridine was difficult to obtain in a pure 
and colorless state, he recommended that ammonia be used instead. This point was also 
brought up-by M. Calsavara of France. 

Dr. Slater Price, acting as chairman, reviewed the differences between the English and 
American Committees, which depended on the fact that the Americans accepted one candle 
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power of sunlight as the ideal standard, whereas the English prefer to accept as the photo- 
graphic candle one candle power of a lamp of 2360°K. transmitted through the stated filter 
without reference to sunlight at all. Toy stated that the English Committee would accept 
such a definition. L. P. Clerc, speaking for the French Committee, stated that they had not 
been able to have any meetings on the subject, since the matter had not been referred to them 
before the Congress, and he could not therefore make any statement. Speaking for the Ger- 
mans, who also protested against not having received any prior information, Dr. Lehmann, 
Dr. Goldberg, and Dr. Eggert were prepared to accept the proposed unit for the sensitometry 
of negative emulsions but not for the sensitometry of positive emulsions. 

After a long discussion, Dr. Mees accepted the proposals of the English Committee and 
withdrawing his original motion proposed that the photographic unit of intensity should be 
defined as one visual candle power of a lamp having a temperature of 2360°K. transmitted 
through the given filter. M. Clerc and Dr. Slater Price pointed out that the composition of 
the filter was given to milligrams and recommended that in practice the weighing should be 
required only to centigrams. Mr. T. Smith of the National Physical Laboratory requested 
that a tolerance of +0.05 mm be fixed for the thickness of the liquid in each division of the 
cell. 

The other two recommendations of the Committee were then discussed at some length, 
but no definite conclusion was reached. 

On Friday afternoon the resolution which had been accepted for the standard of light was 
withdrawn on the motion of Dr. Slater Price, seconded by Dr. Mees. It was then resolved 
that the following resolution shall be put in force as a decision of the Seventh International 
Congress of Photography as soon as it has been ratified by the national committees represented 
at the Congress: 

“The photographic unit of intensity for the sensitometry of negative emulsions shall be 
defined as a source of illumination having a visual intensity of one international candle pro- 
duced by a gray body at a color temperature of 2360°K. and transmitted through a selective 
absorption filter of the following composition: The complete filter to consist of one-cm* layer 
of each solution contained in a double cell made by using three plates of borosilicate crown glass 
(refractive index, D line =1.51) each 2.5 mm thick.” 


Solution A 
Copper Sulfate (CuSO,5H,0) 3.707 grams.** 
Mannite (CsH;(OH)s) 3.707 grams** 
Pyridine (CsH;N) 30.0 cc 
Water (distilled) to make 1000 cc 
Solution B 
Cobalt Ammonium Sulfate (CoSO,(NH,);SO,6H,0) 26.827 grams** 
Copper sulfate (CuSO,5H,0) 27.180 grams** 
Sulfuric Acid (Sp. gr. 1.835) 10.0 cc 
Water (distilled) to make 1000. cc 


The other resolutions proposed by the American Committee were not passed. 
*With a tolerance of +0.05 mm. 
**For practical purposes a precision of one centigram will probably be sufficient. 


2. L C. Gardner Bureau of Standards 
A TELESCOPE OBJECTIVE ESPECIALLY FREE FROM SPHERICAL 
ABERRATION 

10 Minutes 


Specifications for a telescope objective, to be used by Dr. L. B. Tuckerman in his auto 
collimator forming a part of his extensometer, demand a 50 mm aperture, an equivalent focal 
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length of 250 mm, longitudinal spherical aberration less than 0.05% of focal length, and a 
design such that it will be feasible to construct several objectives which shall differ in focal 
length by not more than 0.05%. To meet this last requirement an air space is necessary to 
permit adjustment of spacing for compensation of unavoidable differences in construction of 
individual components. The final design consists of two cemented doublets of barium crown 
and medium flint with the crown component in each case facing the parallel light and spaced 
10 mm. Although there are 6 surfaces, only 4 different curvatures are required (an economy 
in manufacture) and spherical aberration and departure from sine condition are each well 
within 0.05% of focal length. The design has been executed and found to be satisfactory. 
Details of the application of algebraic method to design and discussion of tolerances allowable 
in the construction will be given. 


3. L C. Gardner Bureau of Standards 


AN OPTICAL DEPTH GAGE 
10 Minutes 


This instrument is analogous to the self-contained coincidence-type military range finder 
except that the two optical systems united by the coincidence prism are microscopes instead 
of telescopes. The magnifying power is approximately 90 diameters and the axes of the two 
systems are inclined to each other at an angle of 25°. A range finder coincidence-prism provides 
a circular field divided by a diameter. The images formed by the two microscopes are brought 
into the two halves of the field respectively, and are so focused that the dividing line and 
images are without parallax. 

When an object is at the intersection of the two optical axes the images formed by the 
two microscope objectives are in coincidence at the center of the dividing line. Suitable fine 
adjustments are provided for bringing the two halves of the field into this relative position 
with precision. If the object is displaced along the line of sight by as little as 3 or 4 microns, 
it is detected by the lack of coincidence of the two fields. One.therefore has an optical depth 
gage with a working distance between objective and object of approximately 50 mm, and 
with the probable error of a single observation of a displacement in the line of sight not greater 
than 3 or 4 microns. By having the instrument suitably mounted with precision ways, such 
as are used with the comparator or travelling microscope, displacements normal to the line 
of sight can be measured in the usual manner. The present instrument has been designed to 
be used for the measurement of internal screw threads and for this purpose it is provided with 
a special nose piece carrying an objective prism and an opaque illuminator of normal design. 
It can be used for any purpose where accurate measurements in the direction of the line of 
sight, as well as normal to it, are desired. As there is no physical contact between the instru- 
ment and the surface to which the measurement is to be made, it is particularly applicable to 
measurements where the pressure due to physical contact of the more usual methods intro- 
duces deformation which prevents the attainment of the desired precision. 


4. A. H. Bennett Bureau of Standards 


AN INTERFERENCE METHOD FOR THE DETERMINATION OF CENTRAL 
AND OBLIQUE ABERRATIONS 


10 Minutes 


A method for the determination of the central and oblique monochromatic aberrations of 
an optical system is described. The results are expressed directly in terms of the phase differ- 
ence of various portions of the emergent wave front on arrival at any point along the axis or 
chief ray. The best focus is located at the point of minimum phase residuals. The simplicity 
of the apparatus, especially the use of but one auxiliary reflecting surface, lessens the prob- 
ability of large instrumental errors. The method has been applied to several astronomical 
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objectives and the results are presented in the form of contours showing phase differenc 
over the wave front. 
B-bliography: 

Hartmann, ZS. f. Instrumentenkunde, 24, p. 110; 1904. 

Gardner and Bennett, J.0.S.A. & R.S.L., 1/, p. 441; 1925. Twyman, Phil. Mag. (6), 35, p. 49; 1917. 


5. John W. T. Walsh National Physical Laboratory, England 
(By Invitation) 
THE REDUCTION OF GLARE FROM AUTOMOBILE HEADLIGHTS 
25 Minutes 


In this paper an attempt is made to indicate a method for defining the beam characteristics 
of motor-car headlights so as to obtain the maximum visibility of objects on the off side of an 
opposing vehicle. 

The method is based on the application of work by Holladay on the lowering of the contrast 
sensitivity of the eye which is caused by the presence of a glaring source of light in the field 
of view. Certain skeleton conditions are laid down for fulfillment by headlights in order that 
a certain figure of visibility may be obtained under specified conditions. 

In a final section of the paper the proposal is made that vehicles should be provided with 
projectors giving a colored beam of light in the rearward direction so as to illuminate the off 
side of the road behind them for a comparatively short distance. It is pointed out that this 
would probably be a very great help in securing adequate visibility on the road when vehicles 
are passing each other, and it is suggested that experiments should be carried out to determine 
the best conditions for such a system. 


6. H. Buckley National Physical Laboratory, England 
(By Invitation) 
THE THEORY OF INTERREFLECTION IN LIGHT WELLS 
25 Minutes 
7. H. J. McNicholas Bureau of Standards 


APPARATUS FOR THE MEASUREMENT OF THE REFLECTIVE AND 
TRANSMISSIVE PROPERTIES OF DIFFUSING MEDIA 


15 Minutes 


The equipment is designed for the measurement of the reflective and transmissive proper- 
ties of diffusing media under definite and controlled conditions of illumination and observation. 
The intensity and state of polarization of various incident, reflected and transmitted beams 
of light are measured as functions of their direction and wave length composition. 

Two separate illumination units are provided, one for unidirectional and the other for 
completely diffused illumination of the sample. The photometric equipment is stationary. 
To realize the various desired directions of incidence and observation with the unidirectional 
illumination unit, the sample and source may each be differently orientated with respect to the 
fixed direction of observation. The source for completely diffused illumination is also con- 
structed so that the sample may be observed in various directions from the normal to its 
surface. 

The equipment is applicable to the study of various problems. Of these may be mentioned 
(1) the measurement of color and glossiness, (2) the grading of photographic materials, (3)the 
establishment of standards of reflection and transmission, (4) the covering power and tinting 
strength of paints and pigments, and (5) the optical properties of turbid media in their relation 
to the structure of such media. 

The present paper will appear in full in Bureau of Standards Journal of Research. 
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8. Herbert E. Ives New York City 
A CAMERA FOR MAKING PARALLAX PANORAMAGRAMS 

15 Minutes 

Description of a camera for making transparencies which when viewed through an opaque 

line grating show stereoscopic relief through a wide range of distances and angles.’ The 

essential feature of the camera is a mechanical coupling by means of which the camera lens, 

the sensitive plate and grating, and the object photographed, are kept in line as the camera 
moves from one side to the other of the normal from the camera track to the object. 


Bibliography (1) Kanolt, U. S. Patent 1,260,682; 1918. 
The present paper wil] appear in full in J.0.S.A. & R.S.1. 


9. Frank Gray and Herbert E. Ives Bell Telephone Laboratories, Inc. 
OPTICAL CONDITIONS FOR DIRECT SCANNING IN TELEVISION 
15 Minutes 


A discussion of the conditions for securing the maximum amount of light in a photoelectric 
cell placed behind a television scanning disc when an image is formed on the disc by a lens. 
Due to the breaking up of the image into a finite number of elements the amount of light 
available increases with the physical dimensions of the whole system. Results obtained with 
a large scanning disc and a lens forming images of sunlit objects are described. 

The present paper will appear in full in J.0.S.A. & R.S.I. 


10. Arthur C. Hardy Mass. Inst. of Technology 
A RECORDING COLOR ANALYZER 
10 Minutes 

A new recording photoelectric spectrophotometer was described at the Schenectady meet- 
ing of this Society. The instrument described a year ago included a galvanometer relay, a 
commutator, and other pieces of electrical apparatus which gave considerable trouble in 
operation. These parts have now been eliminated by operating the motor directly from the 
amplified photoelectric current. 

At present, the instrument covers easily the spectral band from 400 to 700 millimicrons. 
By means of an adjustable slit, the width of the spectral band reaching the photoelectric cell 
at any time is maintained at 10 millimicrons. Reflecting power or transparency values are 
determined with a reproducibility better than 0.1%. The time required for a complete spectral 
analysis of a specimen is approximately 30 seconds. The results are plotted graphically by 
the instrument on an 8} by 11 sheet of paper. 

By combining a mechanical integrating attachment with this instrument, the three primary 
excitation values are computed automatically. Thus, this instrument gives the subjective color 
sensation under any assumed conditions as well as the objective color analysis. 


ll. K. S. Gibson Bureau of Standards 
APPARATUS FOR ACCURATE AND RAPID MEASUREMENT OF SPECTRAL 
TRANSMISSION AND REFLECTION 


20 Minutes 


Spectrophotometric apparatus is being designed and assembled at the Bureau of Standards 
which will eliminate many common sources of trouble, uncertainty and error while utilizing 
the speed and precision possible with the amplified photoelectric current. The essential 
features are as follows: 

(1) Light is spectrally dispersed before being used photometrically. This prevents undue 
heating of the sample. 

(2) A Van Cittert double monochromator produces this dispersion. Its use greatly reduces 
stray light and has other advantages regarding purity and intensity of spectral image. 
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(3) Light of any desired wave length enters a white-lined diffusing sphere through one o{ 
three small openings spaced 120° apart in the horizontal equatorial plane, and is diffused 
throughout the sphere. 

(4) From the other two openings two beams of light, taken perpendicularly from th« 
opposite interior surface, are led through a Martens photometer to a photoelectric cell. 
A scheme similar to Hardy’s will enable the amplified photoelectric current to set the photom- 
eter automatically for equality of intensity. 

(5) Midway between two of the openings in the sphere is a fourth opening, against which 
is placed the sample (properly shielded from direct illumination) whose reflectance is desired. 
Light reflected from this sample forms one of the two beams above noted. 

(6) By rotating the whole sphere 120° about its vertical axis, the sample and sphere wall 
are interchanged. The reflectance of the sample in absolute value may thus be obtained 
without reference to any “white standard.” 

(7) For transmission measurements, by rotating the sphere 120° farther and placing a 
diffusing white material at the fourth opening, both beams originate from the sphere wall 
(effectively two sources, each of accurately uniform brightness). The sample is placed between 
the sphere and photometer and transferred from one beam to the other in the usual procedure. 

(8) The light source may be an incandescent lamp, or a mercury or helium lamp or other 
source of homogeneous light. In the latter case all wave, length or slit-width errors are elim- 
inated at certain wave lengths, and this advantage is available for reflection as well as trans- 
mission measurements. 

(9) The transmission samples and sphere and (separately) the monochromator are en- 
closed and the enclosed air may be kept at any desired temperature. 

Bibliography: 

Van Cittert, Revue d’Optique, 2, p. 57; 1923. 

Hardy & Cunningham, J.0.S.A. & R.S.1., 16, p. 119; 1928. 

McNicholas, B.S. Jour. Res., 1, p. 29; July, 1928. 

O. S. A. Com. on Spectrophotometry, J.0.S.A. & R.S.1., 10, p. 169; 1925. 


12. H. P. Gage Corning Glass Works 
SPECTROSCOPIC AND COLOR ANALYSIS OF RAILWAY SIGNAL 
GLASS STANDARDS 15 Minutes 


In 1908 the Railway Signal Association, now the American Railway Association Signal 
Section, adopted certain colored glasses as suitable medium standards for railway signals. In 
order to limit variation due to manufacturing conditions, it was specified that all railway 
colored glass should be tested against these standards by direct photometric comparison. 
The original 100 per cent standards were for red, yellow, green, lunar white, blue and purple. 
With these standards it is possible to accurately assign photometric values to signal glass of 
approximately the hue of the standards. 

In practice a modified Lummer-Brodhun photometer is used employing a mirror with a 
design consisting of wide and narrow scratches.!* When a hue difference exists the fine 
scratches can be made to disappear even when the larger areas do not. Consistent photometric 
settings can be made by the same observer even with considerable hue difference such as 
between Carbon and Mazda C or Mazda and daylight. Routine inspection has been greatly 
facilitated by the design of a binocular instrument.* 

Medium colors adopted in 1918 are defined by a spectrophotometric table.'“ 

Railway limits defined photometrically have not yet been defined colorimetrically and data 
will be presented on some preliminary calculations made in accordance with the Colorimetry 
Report. The calculated results are expressed as per cent red, green and violet sensations. 
Bibliography: 

1 Phys. Rev., 32, p. 628; June, 1911. 

* Trans. I. E. S., 19, p. 508; July, 1924. 

+ R.S.A. Specification 6918. 

* A.R.A., Signal Section Specification 5927. 

5 J.0.S.A. & R.S.L, 6, p. $27; August, 1922. 











Conversion of these factors into dominant hue and purity involves reference to a graph and is 
therefore liable to error. In the few instances where direct colorimetric observations are made 
in terms of hue and purity, it is recommended that these be translated into terms of the ele- 
mentary sensations. The liability to error would probably be less reading the graph in this 
direction than the opposite. 


13. A. H. Pfund Johns Hopkins University 
A NEW PHOTOMETER-HEAD 
10 Minutes 


In the following it is shown how an essentially perfect photometer-head may be made from 
ordinary plate or window glass. A crack is first started whereupon the plate is heated locally 
with a bunsen burner until the crack runs the entire length of the plate. Over a limited region 
the newly-formed surfaces meet the original ones perpendicularly at all edges. By using such 
a plate as a photometer-head the line of demarcation can be made to disappear completely. 
This device, which may be used as an equality or contrast photometer, can be readily trans- 
formed into a flicker-photometer. 


14. A, E. O. Munsell and I. H. Godlove Munsell Color Company, Inc. 
WHITE GLASS PHOTOMETRIC STANDARDS 
20 Minutes 


Samples of white glass—where the original smooth glossy surface is not destroyed—offer 
the most permanent standards for photometric use. Such standards can be obtained in 
relatively non-selective form. The present work outlines a direct method for determining the 
spectral curve for such a white glass standard in absolute terms together with the integral re- 
flection factor for this standard. 

Although a layer of magnesium oxide is assumed to be non-selective, the neutrality of 
magnesium oxide layers of different thicknesses was determined, through three chromatic 
filters, on the Pfund multiple reflection colorimeter. Two thicknesses were found balanced 
about and very close to the neutral point. Spectral curves were obtained, representing the 
ratio, wave length by wave length, of the magnesium oxide layers to a certain selected white 
glass standard. Since the neutral point lay about halfway between the two magnesium oxide 
surfaces, mentioned above, the two spectral curves were averaged, and the reciprocals of the 
results were obtained. These reciprocals represented the spectral curve of the selected white 
glass standard in fundamental “absolute” units, multiplied by a constant equal to the integral 
reflection factor of the neutral magnesium oxide layer. 

This constant was determined by the average of two series of photometric readings made 
on the two surfaces in question, obtained on a specially constructed Taylor photometer. In 
this way the spectral curve of the selected white glass standard was determined in fundamental 
“absolute” units. 

This spectral curve, when multiplied by proper visibility factors and integrated, gave the 
integral reflection factor of the selected white glass standard, also in fundamental “absolute” 
units, 

! Physical and Chemical Examination of Paints, Varnishes, and Colors, by H. A. Gardener, Second Edition, 

. 21-23; 1925. 
si The present paper will appear in full in J.0.S.A. & R.S.I. 


15. Richard Hamer ; University of Pittsburgh 
A PRACTICAL LABORATORY MERCURY ARC 
10 Minutes 


The author has devised a new improved portable mercury arc for demonstration and 
laboratory use, that will facilitate the teaching of spectrum analysis. The apparatus consists 
of an exhausted pear shaped bulb of pyrex about 3 inches in diameter with two insulated sec- 
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tions below. These are formed by a small glass tube projecting coaxially upwards into a wider 
tube which is sealed on to the lower part of the pear shaped bulb. Each has its own tungsten 
electrode. The arc is struck between the mercury in the inner tube and that in the outer on 
tilting the bulb. A little dimple at the top of the inner tube tends to prevent the arc from 
travelling around and enables one to focus the small intense arc on the slit of the spectrograph 
The polarity also is important. A current of about 0.8 amperes regulated by suitable resistances 
is sufficient. 

A small condensing chamber may be sealed on above and this may or may not be connected 
by a sidearm to one of the two insulated tubes of the lower portion. A short tube projects into 
the condensing bulb from the main bulb thus forcing the condensed mercury to drain down 
below and help to keep the relative mercury levels constant. Thus the arc persists and a‘ 
certain cooling action exists also, which assists this. 

The advantage over other types experimented with is that this one is compact, convenient, 
durable, economical, easy to make and easily started. With the cooling and condensing bulb 
arrangement in addition it can be depended upon to work for an indefinite time, giving almost 
a point source. By the addition of various alkaline salts other lines than the mercury ones 
can be demonstrated readily. 

The present paper will appear in full in J.0.S.A. & R.S.1. 


Thursday, November | 
2:30 P.M. 


16. DEMONSTRATION OF TECHNICOLOR MOTION PICTURES BY DR. LEONARD 
T. TROLAND, DIRECTOR OF RESEARCH AND PROCESS CONTROL, TECHNICOLOR 
MOTION PICTURE CORPORATION 

60 Minutes 


17. MOTION PICTURES OF THE PLANETS, MADE BY PROF. W. H. WRIGHT 


AT LICK OBSERVATORY. (To be presented by Dr. C. E. K. Mees.) 
15 Minutes 


These pictures were shown at the Royal Astronomical Society last 
summer and are being shown to the Optical Society by special request. 
They have been most enthusiastically described by Prof. Henry N. 
Russell in the Scientific American, September, 1928, from which the 
following is quoted by permission: 


The principal event of the day was the George Darwin lecture which was given by Professor 
W. H. Wright of the Lick Observatory. Some of the admirable photographs of the planets 
which he exhibited are already familiar to American astronomers, but the most noteworthy 
of them were altogether new. 

We are familiar with the “speeded up” moving pictures which show, for example, the open- 
ing of a flower before our eyes, but no one before Professor Wright has had the audacity to 
think of moving pictures of the rotation of a planet. Jupiter, which completes a rotation in 
a little less than 10 hours, was chosen for this bold attempt. Only in such.a-climate as that 
of California could there be any chance of success, for photographs must be taken at regular 
intefvals of a minute or two all night long—or at least so long as the planet is high enough in 
the sky to observe satisfactorily. Even so, no single night’s work suffices to follow a whole 
rotation, and two or three suc -essive nights are required before every aspect of the planet has 
been recorded. 

Extraordinary care and eternal vigilance must be exerted to see that the planet’s images 
are all in correct register so that the final image on the screen does not oscillate, but this 
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problem like others has been solved, thanks to the co-operation of Professor Wright and 
Dr. Mees of the Research Laboratory of the Eastman Kodak Company. 

A capacity audience in the historic rooms of the Royal Astronomical Society watched the 
first showing of the films and broke into the heartiest applause. The diversified surface of the 
planet was shown in clearest detail and the steady rotation showed itself so simply and natur- 
ally that it was hard to realize what pains and labor had gone to speeding it up a thousand 
times until it became conspicuous to the eye. The Great Red Spot and the smaller details of 
the surface passed in stately procession across it. At one point in the revolution a satellite 
appeared at the side of the screen and advanced rapidly toward Jupiter. Just before it reached 
the planet the shadow of the satellite entered upon the disk, followed a moment later by the 
satellite itself which in contrast to the black shadow appeared as a pale greyish spot. 

These pictures form the most remarkable presentation of the actual progress of stellar 
motions which has ever been shown. When and how they may become available to a larger 
public, the writer of these lines does not know. It is greatly to be hoped that they may be 
widely exhibited and if they are, that all who are interested in the heavens will take the oppor- 
tunity to see them. 


Any papers which may have been passed at the morning session may be 
called at the end of the afternoon session. 


Thursday, November | 
8:00 P.M. 


VISIT TO THE NAVAL OBSERVATORY 


C. S. Freeman, Captain, U.S.N., Superintendent 


(Party will leave Wardman Park Hotel at 7:45. Transportation will be supplied by the 
committee arranging the visit, Dr. C. C. Kiess, Bureau of Standards. Arrangements to join 
this party should be made at registration desk, Optical Society meeting, fourth floor, East 
Building, Bureau of Standards, before 2:00 p.m., Nov. 1. Tickets will be required for admission. 
If it proves necessary to limit the number of admissions, precedence will be given to members 
who have made advance application by mail.) 


Equipment of the observatory will be shown and explained by mem- 
bers of the observatory staff, under the general direction of Professor 
Asaph Hall, and the guidance of Messrs. Watts and Willis. 


INSTRUMENT EXHIBITS 


Photographic zenith tube and altazimuth, in charge of Mr. Brown. 
26-inch equatorial telescope, in charge of Mr. Burton. 
Photographic telescope, in charge of Mr. Peters. 

Time service, in charge of Mr. Sollenberger. e: 
12-inch equatorial telescope, in charge of Mr. Lyons. ; orem 


A number of instruments of historic interest, probably including some 
of the apparatus used by Michelson and Newcomb in their determination 
of the velocity of light, will be shown. 
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TELESCOPIC VIEWS 


If the sky is clear, visitors will have the opportunity to view the 
following objects through the telescopes: 
Ring nebula in Lyra, 
Uranus, 
Jupiter, 
Double star gamma-Andromedae. 


Friday, November 2 
9:00 A.M. 


PHYSICAL OPTICS 
18. Paul R. Heyl Bureau of Standards 
(By Invitation) 

THE HISTORY AND PRESENT STATUS OF THE PHYSICIST’S IDEA OF LIGHT 
45 Minutes 


19. C. J. Davisson Bell Telephone Laboratories 
(By Invitation) 
THE SCATTERING OF ELECTRONS BY CRYSTALS 





40 Minutes 





20. Arthur H. Compton University of Chicago 
(By Invitation) 
X-RAYS AS A BRANCH OF OPTICS 


30 Minutes 











21. C. G, Abbot 





Smithsonian Institution 
RADIOMETRIC STELLAR ENERGY SPECTRA 

10 Minutes 

Fifteen stars and the planet Jupiter were observed with a radiometer in the spectrum of a 

60° flint glass prism with 40 centimeter objective, used in conjunction with the 100 inch re- 

flector on Mount Wilson. Though the deflections were small, yet by aid of a special reading 

scale very smooth and consistent curves were obtained, and these are illustrated by lantern 
slides. 

The present paper will appear in full in Contributions of the Mount Wilson Observatory. 

22. C. C. Kiess Bureau of Standards 


THE WAVE LENGTHS OF THE D LINES OF SODIUM IN ABSORPTION 
AND EMISSION 
















10 Minutes 


The Fabry-Perot interferometer has been used recently, at the Bureau of Standards, to 
determine the wave lengths of D; and D, in absorption and emission. The source of white light 
was a point-o-lite lamp. The absorption tube was of pyrex, about 8 inches long, into which 
sodium was distilled in vacuo. During the experiments it was heated to various temperatures. 
The same type of tube equipped with electrodes, when excited by a small transformer, served 
as a bright source for the D lines in emission. The wave lengths thus obtained are presented 
in the following table, together with similar data from other sources. 
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D, Dz 


Wave lengths of D lines in absorption 5895 .923 5889 .950 
a 1 « « * ® emission (Geissler tube) 923 .949 
. . iin Mate aa en “ (vac. arc 6 cm)! .927 .954 
. “ «« * ® air (Fabry-Perot)? 932 -965 
2 _ «“« * sun (Rowland corrected to AOBS)* .939 .971 


Comparison of the absorption wave lengths with those of the vacuum arc at 6-cm and those 
found by Fabry and Perot from the flame in air shows a difference which may be accounted 
for as a pressure shift. 

Comparison of the absorption wave lengths with those given in Rowland’s Table (corrected 
to the international scale) shows redward shifts of 0.016A and 0.021A respectively for D,; 
and D,. The calculated Einstein shift for these lines is 0.012A, which leaves a residual shift 
of 0.004A and 0.009A for D,; and D, to be accounted for by other causes. 

Present paper will appear in full in B. S. Jour. Res. 

1 Kiess, Bureau of Standards Jour. of Research, /, p. 88; 1928. 

2 Fabry and Perot, Comptes Rendus, 130, p. 495; 1900. 

+ Burns and Kiess, Publ. Allegheny Observatory, 6, p. 137; 1927. 


23. C. M. Slack Westinghouse Lamp Company 
(Introduced by H. C. Rentschler) 


LENARD RAY TUBE WITH GLASS WINDOW 10 Minutes 


For the widespread study of the effect of cathode radiation in the fields of chemistry, 
biology and luminescence a need has been felt for a more convenient and portable means of 
producing these rays. 

It has been found possible to obtain glass windows of a certain shape sufficiently thin to 
allow electrons to be ejected through them at voltages above 20 K.V. 

Windows 2.5 cm in diameter can be constructed .0005 cms thick and still withstand 
atmospheric pressure. This is accomplished by making an indrawn bubble on the end of a 
glass tube. This is so sealed to the glass envelope that the atmosphere produces a tension 
which in direction is the same at every point as that imposed during the formation of the 
bubble. 

The simplicity of construction and the lack of grid structure in this form of window sug- 
gests many possibilities for its use. One of the most interesting is that of a cathode ray oscillo- 
graph in which the photographic plate could be outside the tube. 

Bibliography: 

P. Lenard, Ann. d. Phys., 5/, pp. 225-267; 1894. 

O. Ejiseshut, Heidelb. Diss., 1921. 

W. D. Coolidge, Journal Franklin Institute, 202, pp. 693-736; 1926. 


24. F. L. Mohler and C. Boeckner Bureau of Standards 
RECOMBINATION OF ATOMIC IONS AND ELECTRONS 10 Minutes 


A paper by one of the authors describes continuous atomic spectra excited in a thermionic 
discharge with relatively high current and pressure. The continuous bands extending to the 
violet from each series limit were ascribed to recombination of ions and electrons. In a con- 
tinuation of this research an analysis of discharge conditions by means of a probe wire has 
been made in connection with spectrophotometer measurements of the intensity near the 
probe. On the recombination theory the intensity at a given frequency interval beyond a 
series limit will depend on the number of electrons of corresponding kinetic energy and on the 
probability that an effective collision will take place. The probe measurements show that the 
electrons have a strictly Maxwellian distribution with an average energy that can be accurately 
measured. Thus the relative probability of recombination as a function of the velocity can 
be computed. Results obtained in caesium and helium discharges include other relations 
between discharge characteristics and intensity. 

Bibliography: 

F. Mohler, Phys. Rev., 31, p. 187; 1928. 
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25. R. M. Langer National Research Fellow, Bureau of Standards 


(Introduced by F. L. Mohler) 
LIGHT SCATTERING IN LIQUIDS 10 Minutes 


Experiments similar to those recently reported by Raman and Krishnan were carried out 
with very strong mercury illumination and quartz vessels. Lines not present in the source 
were detected with an E-2 Hilger quartz spectrograph fine slit with an exposure of ten minutes. 

Half hour exposures with benzene showed many lines not reported by Raman and Krish- 
nan. A group of many lines within about ten Angstroms on both sides of 4358 and repeated 
at 4047 is especially interesting. 

In C Cl, the lines reported by Raman and Krishnan—Nature, August 25, 1928—were 
found as well as several others. The group shown in Fig. 1B of the article just quoted was 
repeated near 5461, 4047 and 4078 as well as 4358. The same group showed on the short wave 
length side of these lines. Near 4358 these lines of increased frequency (anti-Stokes lines) were 
almost one-fifth as intense as their mirror images in 4358. 

A group of fairly sharp lines around 4358 (H,SO, scattering) appeared broader around 
3125 and 3131 while the same group (including several anti-Stokes components) near 2537 
looked like a set of bands with diffuse edges. In methyl alcohol the modified radiation due to 
2537 although diffuse could be set on to a tenth of an Angstrom unit. In ethyl alcohol the 
corresponding lines (slightly displaced to the red) were still sharper. They indicate strong 
absorption bands at about 3.5y. Such bands have been found, for example, by Coblentz. 

The intensity of the scattering of modified wave length increases very markedly in going 
from 5461 to 2537. Lines which are barely visible near 4358 are often plain near 3125 and very 
strong near 2537. 


26. J. W. Beams, L. G. Hoxton, and F. Allison University of Virginia 


AN INTERFEROMETER IN WHICH THE TWO RAYS ARE ACCURATELY 
POLARIZED IN PERPENDICULAR PLANES 10 Minutes 


Several types of interferometers using polarized light have been described and in the Half 
Shade Interferometer a precision of one twenty-thousandth of a wave length is claimed.'* 
The precision of this type of instrument depends upon a measure of a change in ellipticity of 
polarized light rather than the usual shift of fringes. It has not, however, been generally used 
due probably to its sensitivity to slight temperature variations and the necessity of very fine 
optical parts. In the instrument, here described, the troubles due to temperature variations 
have been practically eliminated while a poor quality of optical parts brings about a sacrifice 
in precision. 

Parallel, monochromatic light passes through a Nicol prism, then a crystal of Iceland spar 
or double image prism so oriented with respect to the Nicol that the perpendicularly polarized 
beams formed are equal in intensity. Each of these beams passes some distance to a mirror 
and is returned as nearly as possible on its path to the front surface of the double image prism 
where the two beams recombine to form elliptically polarized light. The smallest change in 
the ellipticity of this light that can be measured determines the sensitivity of the instrument. 

Thischange in ellipticity of the light was measured by placing a half silvered mirror between 
the source and Nicol and focusing the light and dark bands formed on a system of slits identical 
in dimension with the bands. The image of these slits falls upon a photoelectric cell and any 
shift of the bands is recorded by a current through the photoelectric cell. The slit system and 
photoelectric cell method of measuring fringe displacements is of course not confined to this 
particular instrument but may be used in any interferometer where reasonably sharp fringes 
can be obtained. - 

The sensitivity here attained, although considerably less than that of the Half Shade 
Interferometer, is larger than that of the ordinary instrument. The factors which limit it are 
discussed. 


1 Cotton, Comptes Rendus, 152, pp. 131-133; 1911. 
* Skinner and Tuckerman, Phys. Zeit., 12, p. 620; 1911. 
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27. C. Boeckner Johns Hopkins University 
(Introduced by A. H. Pfund) 
THE OPTICAL CONSTANTS OF QUARTZ FOR WAVE LENGTHS IN ITS 9% 
REGION OF ANOMALOUS DISPERSION - 10 Minutes 


The reflecting power of polarized light from quartz in the 9u region is obtained at two 
angles of incidence. From these, by use of the exact Fresnel reflection power formula, the 
extinction coefficient and index of refraction are calculated for a series of wave lengths. The 
constants for amorphous quartz and for the ordinary ray of crystalline quartz are obtained. 

The exact form of Fresnel’s reflecting power formula is verified. . 


Papers passed or not reached at the morning session may be called at a 
special session about 2 or 3 p.m. Announcement will be made at the end 
of the morning session. 


Friday, November 2 
3:30 P.M. 


28. A. A. Michelson, Francis Pease, and Fred Pearson University of Chicago, and 
Mount Wilson Observatory 
RESULTS OF REPETITION OF THE MICHELSON-MORLEY EXPERIMENT 


This session will be followed by tea and an informal social hour. 


Friday, November 2 
7:00 P.M. 


OPTICAL SOCIETY DINNER IN HONOR OF PROFESSOR 
MICHELSON 
PRESENTATION OF THE FREDERIC IVES MEDAL TO THE yess BY 
DR. HERBERT E. IVES 
Saturday, November 3 
BIOLOGICAL, PHYSIOLOGICAL, AND PSYCHOLOGICAL 
OPTICS 
9:00 A.M. 
Papers passed or not reached at this session may be called at the end of 
the afternoon session. 
29. Henry Laurens (By invitation) Tulane University 
THE PHYSIOLOGICAL EFFECTS OF RADIATION 45 Minutes 


A review and analysis of some of the more recent and important reports on the effects of 
solar, mercury arc, and carbon arc radiation on man and animals with some remarks on a 
plausible mode of action. 

30. John M. Arthur (By invitation) Boyce Thompson Institute 
SOME EFFECTS OF RADIANT ENERGY ON PLANTS 45 Minutes 
31. W. J. Crozier (By invitation) : Harvard University 
THE PHOTOTROPIC BEHAVIOR OF ANIMALS 45 Minutes 
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32. F. M. Schertz Bureau of Chemistry and Soils, Department of Agriculture 
(By invitation) 
APPLICATION OF TRANSMITTANCY MEASUREMENTS TO BIOCHEMISTRY 
20 Minutes 


A brief introductory historical review is given of transmittancy measurements. Spectro- 
photometric methods of determining the purity of organic compounds are compared with 
chemical methods now used. Colorimetric and spectrophotometric methods of comparing the 
concentration of a given substance in solution are compared. Examples will be given showing 
the application of transmission data to modern biological problems. The principles and 
procedures of Willstatter when used in connection with spectrophotometric methods offers 
hope of solving many of the present problems in biology which are not being solved by any 
present day methods. Details will be given as to how the method can be applied in preparing 
and testing chlorophyll a and chlorophyll } so that we may know these compounds are actually 
the same as those found in all green plants. Our knowledge on chlorophyll can only be ex- 
tended by being positive that the pigments we are working with possess in every respect the 
same chemical and physical characteristics and especially those physical characteristics which 
only transmittancy data will reveal, as does chlorophyll as it exists in every normal living 
green leaf. What the biochemist expects of the optical physicist in the way of better instru- 
ments and methods of recording data is discussed. Data on the transmission of organic com- 
pounds offers much to the solution of the relation of light to matter. 


33. H. J. McNicholas Bureau of Standards 


THE ABSORPTIVE PROPERTIES OF CAROTIN AND XANTHOPHYLL IN 
THE VISIBLE AND ULTRAVIOLET 


The absorptive properties of the pure pigments in solution have been measured throughout 
the visible and ultraviolet spectral range, and the changes in the absorptive properties followed 
as the pigments slowly oxidized in solution. These data indicate two definite stages in the 
oxidation of each pigment. 

Relations between the frequencies of the absorption bands for each pure unoxidized pig- 
ment may be formulated in accordance with the known theory of molecular absorption spectra. 
The similarity of the absorption spectra of carotin, xanthophyll, chlorophyll-¢ and some 
derivatives of hemoglobin suggests the presence in each of these pigments of a common nucleus 
or symmetrical atomic grouping which is the carrier of the observed system of absorption 
bands. 


The present paper will appear in full in Bureau of Standards Journal of Research. 


34. Janet Howell Clark Johns Hopkins University 


MEASUREMENTS OF THE ULTRAVIOLET RADIATION IN SUNLIGHT 
IN BALTIMORE DURING THE YEAR 1928 


10 Minutes 


A method previously published by the author' for measuring ultraviolet radiation, by 
means of the darkening of a light sensitive paint known as lithopone, has been standardized 
by substituting C.P. zinc sulphide moistened with saturated lead acetate for the lithopone. 
The rate of darkening of the zinc sulphide to a standard shade measures the energy of ultra- 
violet radiation in a band from 350-295 my. 

Measurements were made every clear day at noon throughout the year and also throughout 
the day on a number of clear days in every month. These measurements give the daily and 
yearly variation in solar ultraviolet radiation in Baltimore during 1928. 


1 American Journal of Physiology, 69, p. 200; 1924. 





Saturday, November 3 
2:30 P.M. 





Harvard University 
(By invitation) 
OPTICS AS SEEN BY A PSYCHOLOGIST 45 Minutes 
36. E. M. Lowry (Introduced by L. A. Jones) Kodak Research Laboratories 
SOME EXPERIMENTS WITH BINOCULAR AND MONOCULAR VISION 
15 Minutes 

An account is given of a series of investigations of the brightness sensibility of the retina, 
in which both binocular and monocular vision were used. A new type of visual sensitometer 
is described which enables the operator to determine the brightness functions of the eye in a 
variety of ways. The instrument consists of a hemispherical bowl, one meter in diameter, 
equipped with an illuminating system which will give brightnesses from 0.01 to 600 millilam- 
berts. This bowl serves as the sensitizing field. A mechanism is provided by means of which 
the threshold for brightness may be determined at any adaptation level. Contrast sensibility 
may also be measured at any brightness as well as the effect on threshold and contrast sensi- 
bility of introducing various objects into the visual field. In addition monocular and binocular 
acuity may be determined using the Ives form of acuity meter. Data and curves are given 
representing the results secured for a number of observers. Emphasis is laid on the necessity of 
determining the various functions of the eye binocularly if they are to be correctly interpreted 
in practice. 

The present paper will appear in full in J.O.S.A. & R.S.1. 
37. Deane B. Judd Bureau of Standards 
LEAST RETINAL ILLUMINATION BY SPECTRAL LIGHT REQUIRED TO 
EVOKE THE “BLUE ARCS OF THE RETINA” 10 Minutes 

Interest in the “blue arcs of the retina” first described by Purkinje has recently been 
renewed by Dr. Christine Ladd-Franklin who establishes in a series of communications' her 
views that the blue arcs are due to the emission of light by the fibers of the optic nerve that 
pass over the surface of the retina. It has been repeatedly mentioned by Dr. Ladd-Franklin 
and others (Troland, Amberson, Druault, Ellis) that the blue arcs are obtained more easily 
with red light than with a stimulus of any other color. This suggests that the origin of the nerve 
activity causing the blue arcs lies in the retinal cones rather than in the rods, since the rods are 
relatively insensitive to red light. 

The blue-arc phenomenon has been tentatively linked by the author* with a certain phase 
(called the Purkinje phase, or Bidwell’s “ghost”) of the after-image following momentary 
stimulation by light of the extra-foveal retina. The Purkinje phase undoubtedly depends on 
the action of the rods; hence, the two phenomena which are quite similar in some respects 
would differ in origin if the blue arcs were really initiated by cone action. As a check, then, on 
the origin of the nerve activity producing them, the blue arcs were aroused by pure spectral 
light (2° circular field), the retinal illumination being subsequently reduced until the blue arcs 
no longer appeared. In this way the retinal illumination required to evoke the blue arcs has 
been determined as a function of wavelength for the author’s right eye. 

It was found that about 0.04 photons sufficed for light of wavelength 400 my to 530 my, 
whereas about 20 times that retinal illumination, or 0.8 photons, was needed with light of 
620 mu. It may be shown that these illuminations result in nearly equal brilliances by rod 
vision. Hence, it is concluded that at the lowest illuminations evoking them, the blue arcs are 
due to nerve activity which originates not in the cones, but in the retinal rods. 


1 Ladd-Franklin: J.0.S.A. & R.S.L., 12, p. 494, 1926; 14, p. 474, 1927; 16, p. 333, 1928. Comptes Rendus, 185 
p. 584, 1927. 
2 Judd: Am. J. of Psych., 38, p. 527; 1927 


Papers which have been passed may be called at the end of this session. 
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The sessions of the Optical Society are concluded on Saturday after- 
noon; but all members are invited to attend the meeting which is scheduled 
below for Saturday evening. 


Saturday, November 3 
8:15 P.M. 


Joint Meeting of the Philosophical Society of Washington and the 
Biological Society of Washington, arranged through cooperation with 
the Optical Society of America. 


Cosmos Club Auditorium, entrance through garden gate just north of Belasco Theatre, 
Madison Place (East side of Lafayette Square), between Pennsylvania Avenue and H Street. 


Address by Dr. Selig Hecht, Professor of Biophysics, Columbia Uni- 
versity: 


Nature of the Sensitivity of Animals to Light. 
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HE Optical Exhibition will be open from 9:00 A.M. to 

5:00 P.M., October 31 and November 1, 2, and 3. 

Members of the society and visitors are urged to plan to 
visit the exhibition on October 31 in order that they may have 
ample time to see the instruments and meet the representatives 
of the commercial firms exhibiting in advance of the regular 
sessions of the Optical Society for the presentation of papers 
which begin November 1. 

The Bureau of Standards laboratories will be open for in- 
spection on Monday, November 5, as well as during the regular 
period of the exhibition and those in attendance at the meet- 
ing are cordially invited to remain in Washington and visit the 
laboratories on Monday. (See also Appendix to this booklet.) 


Note—Exhibitors assume sole responsiblility for the accuracy of all statements relative to 
material on display. 
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1. COMMERCIAL EXHIBITS 





















1. CHEMICAL MICROSCOPE 
Bausch & Lomb Optical Company Rochester, N. Y. 


A new model of the well-known Chemical Microscope after the 
suggestions of Dr. E. M. Chamot, Cornell University. The instrument 
has a stage of 102 millimeters diameter with graduated circumference, 
the fine adjustment is graduated and provided with rotation indicator, 
for depth measurements. 

The substage is operated by rack and pinion and is arranged to take 
the regular polarizer and regular Abbe condenser; analyzer with gradua- 
tions fits over the eyepiece. Provision is made for attaching petro- 
graphical accessories. This microscope is adapted to all of the needs 
of the chemical laboratory. 


2. FFSA MICROSCOPE 
Bausch & Lomb Optical Company Rochester, N. Y. 


This is the well-known laboratory type of microscope with a built-in 
mechanical stage. 

This design insures the correct location of the mechanical stage and 
slide at all times. The adjustments are by rack and pinion with a range 
of three inches sidewise and one inch in and out to cover the standard 
slide. The operating heads are of black bakelite to avoid reflections. 
The mechanical movements may , be removed for the examination of 
large plates and dishes. 


3. NO. 45 WIDE FIELD ATTACHMENT AND TRIPOD 
Bausch & Lomb Optical Company Rochester, N. Y. 


An excellently corrected compound microscope having a magnifica- 
tion of 6.1 characterized by a remarkably flat field 1 inch in diameter 
and the extraordinary free working distance of 33/4 inches. The 
microscope tube slides in and out of a tripod stand so that it can be 
removed and used in the hand as a magnifier or set up independent 
of the stand as a reading microscope. 


4. KW MICROSCOPE WITH DRUM NOSEPIECE 
Bausch & Lomb Optical Company Rochester, N. Y. 


A binocular microscope of the Greenough type with eyepiece con- 
vergence of 10° making for comfortable stereoscopic vision. Six different 
magnifications are available, the lowest and highest being 7 X and 30x, 
respectively. Three paired objectives are mounted on one drum nose- 
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piece so that any one can be brought into action by a simple rotation. 
Two pairs of eyepieces especially designed to give a large and flat field 
with long eye distances complete the microscope. 


5. NEW LAMP FOR KW MICROSCOPE 
Bausch & Lomb Optical Company Rochester, N. Y. 


At no time in the history of the microscope has there been a lamp 
suitable for the illumination of uneven opaque objects without shadows 
or specular reflections. The microscope is generally useful only on 
objects which are transparent or at least translucent. The illuminator 
which is shown here for the first time is particularly adapted for use 
in illuminating objects as examined with the low-power binocular 
microscope described above. It consists of an inverted hemi-ellipsoidal 
diffuse reflector with a 6 to 8 volt 21 cp Mazda bulb in one focus. The 
light is reflected down onto the object from all sides. The microscope 
is focused through an opening above the focus other than that in which 
the bulb is located. 


6. CATAPHORESIS APPARATUS 
Bausch & Lomb Optical Company Rochester, N. Y. 


This apparatus consists of a standard microscope, a Mattson cata- 
phoresis cell with platinum electrodes and an illuminating unit adjust- 
able in three directions, all conveniently mounted upon a base board. 
This apparatus was originally used for the quantitative determination 
of colloids in sugar house liquors, but is also suitable for a variety of 
other purposes. For further information on the use of this apparatus 
see S. E. Mattson, Kolloid Chem. Beihefte, 1922, 14, and an article 
entitled Cataphoresis and the Electrical Neutralization of Colloidal 
Materials, to be published in a forthcoming issue of the Journal of 
Physical Chemistry. 


7. THOMSON-JEFFREY MICROTOME 
Bausch & Lomb Optical Company Rochester, N. Y. 


A microtome of the Rivet type made after suggestions of Dr. R. B. 
Thomson, University of Toronto, and Dr. E. C. Jeffrey, Harvard Uni- 
versity. 

Unusually sturdy construction, especially designed for wood section- 
ing and general botanical work. The knife moves in a plane parallel 
with the base, while the object is elevated on an inclined plane by means 
of a fine micrometer screw. Sections may be cut one micron or more 
in thickness. Clamp accommodates objects 30 X30 millimeters. 
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8. 1621 CAMERA LUCIDA 
Bausch & Lomb Optical Company Rochester, N. Y. 


The prism in this camera lucida is of the Wollaston type. The instru 
ment is used in drawing gross objects in natural or reduced size. Filter, 
are provided for equalizing the illumination on the object and the 
drawing board. Lenses are provided for making reductions. The prism 
is mounted with universal adjustments on a portable stand. Th: 
mechanical construction differs from former practice and results in an 
inexpensive yet efficient instrument. 


9. METALLOGRAPHIC OUTFIT 
Bausch & Lomb Optical Company Rochester, N. Y. 


The application of the microscope to the analysis of and the photog- 
raphy of metals has led to a very specialized apparatus. The microscope 
of this outfit, unlike others, contains its own lamp and condensers. It 
has an inverted stage on which the specimen is placed with the surface 
to be examined upside down. The objective points up under the speci- 
men. The special feature of this microscope which makes it of interest 
is the mechan‘cal construction of its focusing adjustments constituting 
a coarse adjustment which moves only the stage and a fine adjustment 
which moves only the objective. When the coarse adjustment is made 
it can be clamped to insure no change. The construction of the support 
for the objective and the stage is such as to avoid any possibility of 
vibration and change of focus which would seriously impair the defini- 
tion in photography. Pictures at a magnification of 12,000 x requiring 
30 minutes exposure, have been made with entire satisfaction on this 
equipment. 


10. MOTION PICTURE MICROSCOPE | 
Bausch & Lomb Optical Company Rochester, N. Y. 


This apparatus consists of an Eastman Kodak Cine Kodak Model A 
adapted for taking motion pictures through the microscope. The equip- 
ment is built up of a stand, on which the camera is fastened, a synchron- 
ous motor and chain of gears for driving the camera, a microscope 
support, an optical connection between the microscope and camera 
with continuous focusing finder and three special camera eyepieces. 
The gears have 8 shifts for speeds varying from normal cinema speed 
to one picture every 4 minutes. The optical connection between the 
microscope and camera is free from mechanical contact so that the 
camera vibration cannot disturb the microscope. This connector has 
integral with it an observing finder, which permits correct focusing at 
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all times. The camera eyepieces are negative lenses having the powers 
of 3X,5X,and 7.5 when used with the Cine Kodak. Any standard 
form of microscope can be used with this apparatus. 


11. AUTOMATIC FILM PROJECTOR AF 
Bausch & Lomb Optical Company Rochester, N. Y. 


An unusually compact projector for strip film. Strips of film con- 
taining two hundred or less pictures of standard motion picture size 
are fed automatically at intervals varying from 6 to 12 seconds accord- 
ing to setting. The image is shown on a translucent screen of 12 by 15 
inches in size. Due to the wide aperture lens and efficient lamp this 
outfit may be used in ordinary daylight and is suited to display ad- 
vertising in store windows, counters, and convention booths. 


12. SMALL MODEL STRIP FILM PROJECTOR 
Bausch & Lomb Optical Company Rochester, N. Y. 


A small inexpensive projector for the use of strips of film as used in 
motion picture projection, but projecting single views which are ad- 
vanced from one to the other by a simple hand feeding mechanism. 
The lamp is of 50 watts capacity operating on the regular 110 volt 
circuits, either alternating or direct, without resistance. The lens is 
of good quality, achromatic, and corrected for flat field. Suitable for 
elementary school, home, and salesman use. 


13. PAPER MICROSCOPE 
Bausch & Lomb Optical Company Rochester, N. Y. 


This microscope was designed principally for the examination and 
photography of paper but it has proved extraordinarily useful in many 
other kinds of work in which the surface texture of material is to be 
examined. 

Its novelty lies in the form of illumination employed. Light falls on 
the object from all sides in the form of a hollow cone the apex of which 
lies on the object and whose angle is conveniently variable at the will 
of the operator. 

A more complete description of this instrument appeared in “The 
Paper Industry,” 9, No. 7, p. 1151; Oct., 1927. 


14. K CAMERA 
Bausch & Lomb Optical Company Rochester, N. Y. 


This camera is of the type in which an observation side tube is so 
arranged that the microscope can be focused with plate in position and 
the image observed during the exposure if desired. 
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The plate holder accommodates 3} <4} plates and the camera is of 
250 millimeters fixed length, thus giving a plate image of standard size 
in accordance with the magnification numbers of objectives and eye- 
pieces. The construction is such that no part of the camera rests upon 
the microscope, it being supported by a separate rod. This design makes 
delicate focusing possible and lends itself to quick application to the 
microscope for routine use. 


15. 4617 OBSERVATION EYEPIECE 
Bausch & Lomb Optical Company Rochester, N. Y. 


The manipulation of the microscope in photomicrography is rather 
inconvenient due to the microscope and its adjustments being located 
more than arm’s length from the ground glass. The use of this observa- 
tion eyepiece which attaches to the front board of the camera and comes 
very close to the microscope eyepiece eliminates this inconvenience. 
Observation of the subject and correct focus for any camera extension 
are made at the microscope. The object may be viewed during ex- 
posures, if desired. 


16. AMPLIPLAN EYEPIECES 
Bausch & Lomb Optical Company Rochester, N. Y. 


The ampliplan eyepieces are negative amplifier lenses to be used in 
the place of ordinary microscope eyepieces in photomicrography. They 
cannot be used in visual observation but in photography they are much 
superior to ordinary eyepieces in flatness of field. A group of four lenses 
is available each having the power of a 10X eyepiece. One each is 
offered for the 16, 8,4, and 3 millimeter objectives and for the 2.0 and 
1.9 millimeter oil immersion objectives. They can be used successfully 
only with the objective or objectives for which they were designed but 
they may be used with either achromatic or apochromatic objectives. 


17. COMPLETE SPECTROPHOTOMETRIC OUTFIT 
Bausch & Lomb Optical Company Rochester, N. Y. 


The complete set-up is composed of a series of units: 


1. The No. 2700 Constant Deviation Spectrometer. 
2. The No. 2736 Polarization Photometer. 
3. The No. 2751 Stand. 
The photometer is direct reading in extinction coefficients and trans- 
missions and is reversible to correct for sample polarization. The stand 
is adapted by means of accessory parts to all types of measurement. 
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The addition of the 2756 vertical attachment provides a column length 
which is quickly variable and can be read to 0.1 mm. This attachment 
is designed especially for dye and stain work. The addition of the 2764 
sphere makes the combination available for reflection work on opaque 
samples. Other accessories for the complete outfit are the base, an 
auxiliary ocular giving a homochromatic field, a common illuminator 
for the spectrometer drum scale and the photometer circle, and a slow 
motion attachment for operating the circle. 


18. HYDROGEN ION COLORIMETER 
Bausch & Lomb Optical Company Rochester, N. Y. 


A Duboscq colorimeter modified by the addition of auxiliary cups 
so that pH determinations can be made. The telescoping cups contain 
the chosen indicator in acid form in one section and alkaline form in 
the other section so that by moving the intermediate cup all color 
graduations between the two are obtainable. The auxiliary cups under 
the stage permit of the use of a control solution.to balance the natural 
color of the unknown. 


19. HEMOGLOBINOMETER—MODIFIED NEWCOMER TYPE 
Bausch & Lomb Optical Company Rochester, N. Y. 


This is a modified Duboscq colorimeter in which acid hematin pre- 
pared from the blood sample is matched against a filter of selected 
yellow glass. The match is made through a special blue filter in the 
eyepiece. The spectral characteristics of the blue filter are such that all 
light from those regions in which the absorption bands of acid hematic 
occur is eliminated, the match being made on portion of the spectral 
curves in which that of the filter parallels that of the blood. This re- 
moves in great measure color differences and results in increased 
accuracy. The instrument scale is calibrated in grams per hundred cc 
whole blood. 


20. THICKNESS COMPARATOR 
Bausch & Lomb Optical Company Rochester, N. Y. 


The operating element of this instrument is a rugged optical lever 
system, completely enclosed. It may be used independently as a part 
of a machine equipment or mounted upon a suitable stand. Least read- 
ing, 0.00005 inch. Range 0.008 inch. The stand will accommodate 
pieces up to 8} inches high and 6 inches diameter. It has a zero adjust- 
ment which carries the optical lever and operates through a screw with 
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large knurled hand grip. Eyepieces of either 60° or 90° inclination to 
axis provided. Accessory projection device is available, permitting 
binocular unaided vision of a small glass screen, integral with the 
device and on which the scale is projected. The contact point is an easily 
replaceable steel ball. The anvil of the stand is of crystal quartz. 


21. TOOLMAKERS’ MICROSCOPE 
Bausch & Lomb Optical Company Rochester, N. Y. 


This instrument is designed for use in measuring and examining small 
parts such as screws, taps, punches, rolls, levers, plates, etc. It is a 
microscope with a prism erecting system, mounted on a special stand. 
The stage is fitted with micrometer cross slides reading to 0.0001 inch 
over a range of one inch in both directions, and is adapted to take 
universal clamps, screw holders, etc. Various accessories in the way of 
opaque illuminators, goniometric eyepieces, screw holders, etc., are 
available. Pitch, lead, flank angle, lean, helix angle, pitch diameter, 
outside and root diameters of screws may be read. Illumination equip- 
ment is integral. Powers, 25x and 37.5, with 32 mm and 48 mm 
objectives and 7.5 X eyepiece. 


22. GLASS THICKNESS MEASURE 
Bausch & Lomb Optical Company Rochester, N. Y. 


This instrument permits the wall thickness of glass articles to be 
measured even when access cannot be had to the inner surface; i.e., 
of sealed vacuum tubes, electric light bulbs, etc. A frosted inner surface 
is no handicap. It permits observation of two images of a scale, the 
separation of which is a function of the refractive index and thickness 
of the glass. Readings are directly in thickness. Range of instrument 
0.150 inch, least reading 0.005 inch. Furnished adjusted for index of 
1.512, suitable for most commercial glassware. May be adjusted for 
other indices. A variation in index of one unit in the third decimal 

‘ place results in an error of order of 1/20%. Made in two models, large 
table mounting, and small pocket model. 


23. PETER’S HAND CAMPIMETER 
Bausch & Lomb Optical Company Rochester, N. Y. 

This instrument after Dr. Luther Peter is used for outlining scoto- 
mata or blind spots in the central and para-central visual field. The 
stimuli are test objects of various sizes and colors—the colors used 
generally being white, red, green, and blue. The existence of pathologic 
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conditions in the eye are often indicated by an enlargement of the 
normal blind spot or by the presence of scotomata in the para-central 
visual field. The instrument is characterized by simplicity of design and 
construction. The fixation for the eye to be examined is monocular. 


24. SIMPLIFIED PERIMETER 
Bausch & Lomb Optical Company Rochester, N. Y. 


The design of the Simplified Perimeter follows very closely that of 
the more complete Ferree-Rand Perimeter. In accordance with recently 
recommended practice, the instrument is neutral gray in color and the 
artificial daylight illumination is invariable and fixed at a pre-determined 
level of 10 foot-candles on the perimeter arc. The instrument is used 
for outlining the limits of the peripheral field of vision for stimuli of 
various sizes and colors. It can also be used to locate and describe the 
outline of more or less gross scotomata in the visual field. The fixation 
for the eye to be examined is monocular. 


25. NEW MODEL STEREOCAMPIMETER 
Bausch & Lomb Optical Company Rochester, N. Y. 


This model of Stereocampimeter which is a more complete develop- 
ment of the previous well-known model, is featured by: 

1. Mechanical simplification. 

2. Improved optical performance. 

3. In addition to means for outlining with binocular stereoscopic 
fixation (as with the previous model) the normal blind spot and 
enlarged blind spot and other scotomata as in pathologic cases— 
provision is also made for the outlining of extended nasal fields 
with monocular fixation. 

4. Addition of means for quantitatively determining the amount 
and type of muscular imbalance in binocular single vision. 

5. Means for testing the fusion faculty— 

6. Depth perception in binocular single vision. 

7. Provision for the training and exercise of the eye muscles with 
a view toward bringing about proper muscular balance in binocular 
single vision. This can be done by either the “pull method” or the 
“jump method.” 

In addition to being a precision stereoscope for the plotting of visual 
fields with binocular stereoscopic fixation—this feature being invaluable 
in uncovering pathologic conditions in the fundus,—the instrument now 
embodies such valuable features as will permit of the diagnosis and 
treatment of muscular difficulties. 
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_ ‘Fig. 1 
Red. sharp cut off type 


Fig. 2 
Orange, sharp cut off 
type .... 


Fig. 3 
*NOVIOL, Shade C 


Fig. 4 
*NOVIOL, Shade O 


Fig. 6 
Heat Absorbing AKLO 


Fig. 7 
Blue-green medium 
(signal green) 


* Trade mark Reg. U. S. 





26-34. GLASS COLOR FILTERS 
Made by the Corning Glass Works Corning, N. Y. 


26. GLASSES TRANSMITTING THE LONG WAVE-LENGTH 
PORTION OF THE SPECTRUM, ABSORBING THE 
SHORT WAVE LENGTHS 


Corning Glass Works Corning, N. Y. 


Heat Transmitting Glass——In a thickness of 3.5 mm or greater this 
glass is opaque to visible radiation but transmits most of the infrared 
between Ip and 3y. 

Sextant Red.—Suitable red for sextant shade glasses in a thickness 
of 1.5 to 2 mm. Transmits a slight amount of blue and extreme red, 
highly transparent to infrared. 

Red Glass, Sharp Cut Off Type.—Fig. 1. A series of glasses of the 
sharp cut off type ranging from dark red to light lemon yellow. The 
red glasses of this type made at Corning now have low thermal ex- 
pansion and are capable of withstanding considerable heat shock.' 
The red glasses are regularly tested and graded in accordance with their 
light transmission compared to the A.R.A. Standard red.*? Inasmuch 
as this type of glass has nearly complete transparency for the longer 
wave lengths, the visible transmission is determined mostly by the 


position of the spectral cut off. The general classification of the shades 
of red follows: 


Mercury Line 
Name of Shade Transmitted Photometric Test 
Pyrometer Red 6908 red darker than 70% A.R.A. Red 


Scale 
Dark heat-resisting Red 70-100% 


Heat-Resisting Signal Red Fig. 1 6234 red 100-160% 
Heat-Resisting Lantern Red 140-260% 
Heat-Resisting Traffic Red 150-300% 
Heat-Resisting Lighthouse Red 75-125% Orange 
Scale 
(About 300-500% A.R.A. Red 
Scale) 


Orange and Yellow Glasses, Sharp Cut Off Type——Low expansion, 


heat-resisting glasses' with a sharp spectral cut off ranging from red 


orange to lemon yellow depending upon the position of the spectral 
cut off -— 


1 The majority of these low expansion colored glasses made by Corning Glass Works are 
sold under the registered trademark NONEX. 

? R.S.A. specification 1918, Signal Roundels, Lenses and Glass Slides. American Railway 
Association, Signal Section. 
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Mercury Lines 
Shade Name Transmitted , Removed 

Heat-resisting yellow, red shade 5784 yellow .546y green 
Heat-resisting lantern yellow, Fig. 2 
Heat-resisting yellow, yellow shade -546u green 492, blue green 
Heat-resisting yellow, lemon yellow shade, Fig. 3 .492y blue green 436u blue 

Lemon Yellow Glass:—Figs. 3 and 22A. Glass of ordinary expansion 
coefficient used in goggles, automobile headlamps, traffic signals, etc.., 
eliminating blue, is designated by shade as C, D, E, etc., in accordance 
with its hue and position u: the sharp spectral cut off and is sold under 
the NOVIOL* trademark. 

Straw Yellow—Figs. 4 and 22B. This ultraviolet absorbing glass 
is also sold under the NOVIOL* trademark and designated as O shade. 

Clear.—Fig. 5. Some of the apparent irregularities in the spectrum 
are caused by irregularities in the sensitiveness of photographic plates 
to different spectral regions. It is, therefore, desirable to have a spectrum 
taken without any colored glass for comparison. It will be noted that the 
limits of the spectrum shown are .38y in the violet and .72y in the red. 
The blue end is caused by absorption of glass parts of the spectrograph 
and the red end is the limit of sensitiveness of the particular plate used. 


If either end of the spectrum is clipped off shorter than this, it indicates 
absorption. 


27. GLASSES ABSORBING LONG WAVE LENGTHS 
Corning Glass Works Corning, N. Y. 


Heat Absorbing Glass —Normal expansion. Fig. 6. 

Heat Resisting Heat Absorbing Glass —Fig.6. Sold under the AKLO. 
trademark. 

These glasses vary from pale blue green to a dark bluish green accord- 
ing to density and thickness. The red end of the spectrum is reduced. 
Absorption is complete in the infrared just beyond the visible. This 
glass is useful for preventing films and lantern slides from becoming 
overheated while being projected. Heat resisting, heat absorbing glass 
is not liable to crack when used in a projector. 

Blue Green Glass ——Light shade, medium shade, Fig. 8, and dark 
shade. Removing more of the red end of the spectrum results in a blue 
green. Three concentrations are available. The light shade removes the 
extreme red transmitted by signal purple, ultrared purple, and blue 
purple. The medium shade is similar in density to the,signal green. 
The dark shade removes most of the red, is complementary to heat 

* Trade mark Reg. U. S. Pat. Off. 





Fig. 8 
Theatre Blue, light 
shade 


Fig. 9 
Theatre Blue, dark 
shade 


Fig. 10 
Signal Blue 


Fig. 11 
Heat Resisting Blue 


Fig. 13 
- Blue Purple *ULTRA 
Filter 


Fig. 14 
Red Purple *ULTRA 
Filter 


* Trade mark Reg. U. S. 





resisting yellow, red shade; and is useful for optical illusions produced 
by special illumination. 

Theatre Blue—Light shade, Fig. 8, dark shade, Fig. 9, Heat Resisting t 
theatre blue. These glasses remove increasing amounts of the longer 
wave length and vary from a greenish blue to a full blue. 

Signal Blue——Fig. 10. This is a typical blue glass of the older type. 
It transmits a band of blue and a band of yellow green at wave length 
.56u. Signal blue differs from signal purple, Fig. 20, in that the band of 
extreme red beyond .68y is not transmitted. 

Heat Resisting Lantern Blwe-——Fig. 11. In a thickness of 2.5 milli- 
meters it is like a signal blue but in pressed pieces 5 to 6 millimeters 
thick it has a darker but purer color suitable for the blue primary in a 
color mixer. 

Violet.—Fig. 12. Transmits only violet, .405u, and part of the blue, 
A36p. 

*ULTRA Filter Blue Purple —Fig. 13 and Fig. 22H. Transmits .365u 
ultraviolet, .405y violet, 4354 blue and extreme red beyond .72y not 
shown in the photograph. 

*ULTRA Filter Red Purple-—Fig. 14 and Fig. 221. Transmits .365y 
ultraviolet freely, 405 violet and extreme red at about .72u. Useful 
for spectacular effects and demonstrations of fluorescence. 


*ULTRA Filter Heat Resisting Red Purple—Fig. 22]. Transmits 
365 ultraviolet, some .405y violet and extreme red about .72y4. Useful 
for spectacular and fluorescent effects. Appears somewhat darker and 
is less liable to breakage than the normal expansion *ULTRA Red 
Purple. 

*ULTRA Filter Violet—Fig. 22K. In a thickness of 7 millimeters 
or greater transmits no visible red. Transmits .365y ultraviolet. 


28. AMBER TYPES 
Corning Glass Works Corning, N. Y. 


Glass having general absorption throughout the spectrum but to a 
greater extent in the shorter than in the longer wave lengths is desig- 
nated as the amber type. This type is especially useful where it is 
desirable to control transmission or hue by simple variation of thickness 
in the same melt or piece of glass. 

Signal Amber—Fig. 15. 1.5 millimeters. This glass varies in hue 
from a pale yellow to a red orange by adjustment of thickness. 


* Trade mark Reg. U. S. Pat. Off. 


t The majority of these low expansion glasses made by Corning Glass Works are sold 
under the registered trademark NONEX. 
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Fig. 15 
*DAYLITE Filter 


Fig. 16 
Signal Lunar White 


Fig. 17 
Blue Purple 
(Signal Purple half 
thickness) 


Fig. 18 
Signal Amber, thin 


Fig. 19 
Signal Yellow, medium 


Fig. 20 
Sextant Green 
3.8 mm thick used for 
green primary 


Fig. 21 
Didymium Filter Glass 


* Trade mark Reg. U. S. Pat. Off. 











Signal Yellow.—Fig. 16. The Signal Amber of thickness such that 
its transmission against the A.R.A. Standard is between 100% and 
140% is used for railway signals. 

Heat-Resisting Amber.j—Can be supplied in various shades for 
theater illumination. The spectral cut off is in general somewhat 
sharper than the signal amber but not so sharp as the heat resisting 
lantern yellow type. “ae 

AKLOWELD.—A browtt welding glass, absorbing all ultraviolet, 
most of the infrared and reducing the visible"to a comfortable degree 
for outdoors, acetylene welding, arc welding, direct observation of the 
sun, etc., according to shade. Various shades are made and controlled 
partly by density and partly by the finished thickness. Spectral trans- 
mission is about like Signal Yellow, Fig. 16, except that the intensity 
is greatly reduced. 

29. ABSORPTION OF BOTH ENDS OF THE SPECTRUM 

Corning Glass Works Corning, N. Y. 

Signal Green.—A bluish green, see Fig. 7. This differs from the blue 
green in having a partial but not complete absorption of the violet and 
blue. When of photometric transmission between 125% and 175% of 
the A.R.A. standard green, it is used for railway signals. 

Sextant Green.—Fig. 17. In a thickn 1.5 to 2 millimeters suit- 
able for the green shade glasses of sextants. Combined with the sextant 
red it is dark enough for direct observations of the high altitude sun. 
In a thickness of 3 to 5 millimeters it is a “grass” green suitable for one 
of the primaries of a color mixer, for stage lighting effects, etc. Both 
blue and red ends of the spectrum are absorbed. 

30. GRADED LONG WAVE-LENGTH ABSORPTION 

Corning Glass Works Corning, N. Y. 

*DAYLITE Glass.—Fig. 18. The absorption increases gradually 
from blue to red in such a way that the apparent color temperature of 

an incandescent lamp observed through the glass is raised. This glass 
placed in front of a gas filled Mazda lamp will give a spectral energy 
distribution closely duplicating natural daylight. The spectrum appears 
smooth when viewed through a spectroscope. 


31. ABSORPTION OF THE MIDDLE OF THE SPECTRUM 
Corning Glass Works Corning, N. Y. 


Signal Lunar W hite-—Fig. 19, is a purple type glass. The density 
used for signal purposes is such that its transmission is between 80% 
+ The majority of these low expansion glasses made by Corning Glass Works are sold 


under the registered trade mark NONEX. 
* Trade mark Reg. U. S. Pat. Off. 
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and 120% of the A.R.A. Lunar White standard. The transmission 
in the blue is high, less in the green, less in the yellow orange and near 
red but high in the extreme red. The high transmission of the extreme 
red compensates for the deficiency in the near red to such an extent 
that when used in front of a Mazda lamp the apparent color is almost 
the same as that of natural daylight. If, however, colored objects are 
viewed under this light, their color is seriously distorted owing to an 
excess of the extreme red and to other irregularities of spectral trans- 
mission. The spectrum appears irregular when viewed through a 
spectroscope. 

Signal Purple —Fig. 20. Both ends of the spectrum are transmitted. 
There is absorption between .58u and .68u, and again at about .54y 
with a band of yellow green at .56u transmitted. For railway signals 
the density used lies between 75% and 125% measured photometrically 
against the A.R.A. standard purple. The appearance of a kerosene 
flame viewed through this glass is that of a red center surrounded by a 
blue halo. This is due to the chromatic aberration of the eye. The 
spectrum photograph was of a piece of half the thickness used for signal 
purposes. Full thickness would show only the blue band like Fig. 11 


but the red transmission band beyond .68u can be seen by visual ob- 
servation. 


Didymium Filter Glass ——Fig. 21. Shows complete absorption of a 
narrow region in the neighborhood of the .5894 yellow sodium line 
and .578u yellow mercury line while freely transmitting the .546y 
green mercury line. Combined with heat resisting yellow, yellow shade, 
it can be used to isolate the green mercury line-as a monochromatic 
light source. " 

Illusion Pink.—A heat resisting didymium glass can be used for 
theater illumination for enhancing the natural pink color of thé com- 
plexion without resort to cosmetics. 

Amethyst Glass —Has a strong absorption band at about .50u, shows 
a general absorption of most of the visible portion of the spectrum, 
transmission of the ultraviolet and some blue, transmission of extreme 
red and great transparency to infrared. The appearance is bluish 
purple by daylight and red purple by artificial light. 


32. FLUORESCENT GLASS 
Corning Glass Works Corning, N. Y. 


Fluorescent Canary.—Appears a pale yellow by transmitted light 
and does not show much visible absorption. It does, however, fluoresce 
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Fic. 22. Ultraviolet transmission of glass color filters taken with a quartz spectro- 
graph using an iron arc as a source. The longest wave lengths shown are about 
500 micron in the blue green and represent the limit of sensitiveness of the plate 
used. 

* Trade Mark Reg. U, S. Pat. Office. 
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a brilliant green under radiation from the shortest ultraviolet to visible 
blue at about .43y. It is useful for spectacular effects, for the study of 
ultraviolet, for tracing beams in.condenser systems, etc. 


33. ULTRAVIOLET GLASSES 


Corning Glass Works Corning, N. Y. 


Glass light filters suitable for controlling the ultraviolet portion of 
the spectrum are shown in Fig. 22. 

Yellow and Clear Glasses transmitting from about 3, in the infrared 
to a point in the ultraviolet shown in the spectrograms. The exact 
position of the spectral cut off depends upon the thickness of: the glass. 
A series of one or more of these glasses polished to various thicknesses 
can be used as filters to determine the portion of the spectrum effective 


for photochemical reactions. 
*NOVIOL Filter Shade C Lem- 
on Yellow 
*NOVIOL Filter Shade O 3 
millimeters Straw Color 
*NULTRA sheet, 2.5 milli- 
meters slightly greenish 
Window Glass slightly greenish 
when viewed edgewise 
*PYREX filter, 4 millimeters 


*COREX-D Filter, 
meters 


4 milli- 


Removes .436u blue, .405y violet 
and ultraviolet 

Transmits violet .405u4, removes 
ultraviolet .365y. 

A practical glass for ultraviolet 
absorption. 


In this thickness transmits .313y 
mercury line but not .302u and 
296. 

In this thickness transmits .302,, 
.295u but is intended as a filter to 
absorb .280u and shorter. 


34. COLORED ULTRAVIOLET TRANSMITTING GLASSES 


Corning Glass Works 


G Blue Green 
3 millimeters 


*ULTRA Filter 


H Blue Purple *ULTRA Filter 
3 millimeters 


I Red Purple *ULTRA Filter 
3.25 millimeters. 


* Trade mark Reg. U. S. Pat. Off. 


Corning, N. Y. 


Removes extreme red from blue 
purple, red purple, etc. with 
greatest ultraviolet transmission of 
any blue green available. 
Transmits 1.014y infrared, .436u 
blue, violet and ultraviolet, ab- 
sorbs .578u yellow and .546y green. 
Transmits .405u violet and .365y 
ultraviolet. 
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J Heat Resisting Red Purple 

*ULTRA Filter 5 millimeters 

K Violet *ULTRA Filter 8.5 Transmits .365y ultraviolet mer- 
millimeters cury line only. 

L Blue Purple *COREX Filter Useful for removing parts of the 

visible spectrum and transmitting 

M Red Purple *COREX Filter the extreme ultraviolet for special 


experiments. 
N Open—no glass Wave length scale. 
35. KODACOLOR TAKING AND PROJECTION EQUIPMENT 
Eastman Kodak Company Rochester, N. Y. 


Cine Kodaks equipped for making Kodacolor pictures and Koda- 


scopes equipped for the projection of these pictures in natural color 
will be shown. 


36. MODEL B KODASCOPE FOR BLACK AND WHITE WORK 
Eastman Kodak Company Rochester, N. Y. 


One of these instruments will be on exhibition and various films of 
scientific interest will be available for projection. 


37. LIGHT FILTERS 
Eastman Kodak Company Rochester, N. Y. 


A group of light absorbing filters designed specifically for the isolation 
of relatively narrow spectral regions distributed throughout the ultra- 
violet, visible, and near infrared regions will be shown together with 
the spectrophotometric data relating thereto. In addition to these, 
some of the standard Wratten dyed gelatin filters will be on exhibition. 


38. BINOCULAR PHOTOMETER FOR THE MEASUREMENT 
OF ILLUMINATION AT LOW LEVELS 
Eastman Kodak Company Rochester, N. Y. 
This instrument has been designed particularly for use where the 
illumination level is very low and permits the taking of observations 
with both eyes used in a normal manner. The sensitivity is higher than 
that obtainable with illuminometers of the usual type. 


39. ROTATORY DISPERSION INSTRUMENT 
Eastman Kodak Company Rochester, N. Y. 


An instrument designed for obtaining radiation of known color tem- 
perature and used for the calibration of photometric filters and the 
* Trade mark Reg. U. S. Pat. Off. 
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calibration of lamps in terms of color temperature. The instrument 
is designed essentially along the lines of a similar instrument previously 
described by Priest. 


40. SURGICAL SPOT LAMP 
Eastman Kodak Company Rochester, N. Y. 


This is a special lamp designed for use in the making of surgical 
motion pictures in the operating room. This instrument gives very 
uniform and high illumination over a relatively small area, is relatively 
light and compact, and, from the standpoint of asepsis, is suitable for 
use in the operating room. 


41. SPECTRAL SENSITIVITY OF PLATES AND FILMS 
Eastman Kodak Company Rochester, N. Y. 


Spectrograms and curves will be shown illustrating the distribution 
of sensitivity for various photographic materials. 


42. VACUUM GAUGE 
Eastman Kodak Company Rochester, N. Y. 


A new form of gauge for the measurement of pressure will be ex- 
hibited, and methods for the lubrication of mercury columns in ap- 
paratus of this type will be demonstrated. 


43-50. COLOR CHARTS 
Mrs. Christian Ladd-Franklin Columbia University, New York City 


EXPLANATION OF CHARTS. The subject of color is a very complicated 
one. This is proved by the fact that all sorts of theories can still be 
held regarding it—and even, in adjoining laboratories, such theories as 
those of Hering and of Helmholtz. No other scientific subject remains 
in such a backward condition as this. There is no hope for obtaining an 
intensive consideration of the matter (which would easily lead to unity) 
unless by the method of exhibiting all at once and in color the funda- 
mental facts involved. This may be called a kindergarten method for 
adults—but the principle involved is just as important (as I have 
already experienced) for adults as it has been found to be for children. 
Without it, the observer is certain to shut his eyes either to the fact 
of Hering (vision is tetrachromatic) or to the fact of Helmholtz (vision 
begins with a tri-receptor process in the retina); the physiologists all 
do one and the physicists all do the other. But the genetic theory of 
color (making use of the well-known development of the color sense) 
is able to hold all these contradictory facts together in one reasonable 


hypothesis. 
$1 








43. ANALYSIS OF COLOR SENSE 
Mrs. Christine Ladd-Franklin Columbia University, New York City 


1. This chart represents the first crude analysis of the color sense. 
The spectrum (and the world) is made up of four chromatic “elements,” 
as has been known from early times—Leonardo da Vinci, v. Briicke, 
Aubert. But insistence upon the unitary character of yellow (and of 
white) we owe to Hering. 


44. KONIG-HELMHOLTZ ANALYSIS OF PHYSICAL 
CONSTITUENTS OF THE SPECTRUM 
Mrs. Christine Ladd-Franklin Columbia University, New York City 


2. The Kénig-Helmholtz analysis of the physical constituents of 
the spectrum. This is exact, and is based upon most painstaking work 
done in the laboratory of Helmholtz. (See Kénig, Gesammelte A bhand- 
lungen, p. 310.) Where the three regions overlap, white occurs—the 
middle of the spectrum (the greens) is whitish. The introduction of the 
yellow band where the red and the green ordinates coincide (equal 
color-quenching power, Helmholtz) makes this diagram representative 
of the Ladd-Franklin theory. 


45. DIAGRAMMATIC REPRESENTATION OF THE KONIG- 
HELMHOLTZ FACTS—THE COLOR TRIANGLE 
Mrs. Christine Ladd-Franklin Columbia University, New York City 


3. This is the other diagrammatic representation of the Kénig- 
Helmholtz facts—the color-triangle. The color-spectrum when com- 
pleted by the missing red-blues I propose to call the color-gamut; it is 
far more illuminative of the real state of things than is the spectrum 
by itself. 


46. HYPOTHETICAL DEVELOPMENT OF MOLECULE OF 
LIGHT-SENSITIVE SUBSTANCE IN RETINA 
Mrs. Christine Ladd-Franklin Columbia University, New York City 


4. The hypothetical development of a molecule of the light-sensitive 
substance in the retina. Its nucleus is represented in black. In Stage I 
(carboniferous times, the totally color-blind, twilight vision) the 
entire cleavable portion of the molecule is torn off and the sensation is 
white only. In Stage II (the bees, the partially color-blind, our own 
mid-periphery) a partial dissociation of the color-molecule takes place 
—one end of the spectrum is blue, the other is yellow, but the yellow- 
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blues revert to the white out of which they were developed. In Stage 
III, yellow is again differentiated into red and green, but the reddish 
greens and the greenish reds revert to yellow, and again yellow and 
blue revert to white. Complementation and the development of the 
color sense are thus both explained as due to a simple chemical reaction. 


47. DEVELOPMENT OF COLOR SENSE AND THEORETICAL 
DEVELOPMENT OF LIGHT-SENSITIVE COLOR MOLECULE 


Mrs. Christine Ladd-Franklin Columbia University, New York City 


5. The actual development of the color-sense, and the theoretical 
development of the light-sensitive color-molecule (the cleavable portion 
only being shown), are here represented side by side. 


48. LIGHT-SENSITIVE COLOR MOLECULE 
Mrs. Christine Ladd-Franklin Columbia University, New York City 


6,. The light-sensitive color-molecule, which is capable of undergoing 
partial dissociation—but such that red and green revert to yellow. 
The “after-image” should be called a “residual” image; after partial 
dissociation: by any colored light, what is left over is gradually de- 
composed, and gives a complement-sensation. 


49. DIFFRACTION SPECTRUM 
Mrs. Christine Ladd-Franklin Columbia University, New York City 


7. The diffraction spectrum (not distorted by the excessive dispersion 
which the prism spectrum effects at the high-frequency end) and its 
after-image (residual image). No one who has once seen this beautiful 
phenomenon will ever again believe that (Hering) red and green are 
complementary colors. Red, green and blue are a complement-triad (the 
great discovery of Thomas Young—see Chart VI); the residual image 
of red is blue-green, that of green is blue-red (purple), and that of yellow 
is blue. ‘ 


50. CHROMATIC VISION IN THE SECOND STAGE 
Mrs. Christine Ladd-Franklin Columbia University, New York City 


8. Chromatic vision in the second stage (the bees, the partially color- 
blind, our own mid-periphery) is yellow and blue. But there are two 
types, and different “confusion color”; the yellow distribution curve 
follows exactly with (1) the red or (2) the green of the normal eye. It 
is this complete coincidence which gives such magnificent confirmation 
of the normal distribution curves of Artur Kénig. 
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51. QUARTZ SPECTROGRAPH NO. L251 & NO. L25la 
The Gaertner Scientific Corp. ‘ Chicago 


L251 Quartz Spectrograph. This instrument is suitable for photo- 
graphing the emission and absorption spectra in the visible and ultra- 
violet regions from 205 to 800 millimicrons, or beyond. The instrument 
is made of metal throughout and the entire body is mounted on a 
substantial cast-iron base. Special attention is given in the design and 
construction to assure convenience in manipulation and long continued 
service. 

The plate holder with slide is made of hard brass, the plate holder 
cover is made of magnalium, a very strong and light alloy. The seat 
for the photographic plate and the cover are shaped to the correct 
focal curve, thus giving the plate the necessary bend. This feature 
together with the carefully designed optical system of special large 





aperture, results in obtaining spectrograms of excellent definition and 
with great photographic speed. The photographic plate is 10 inches 
x2§ inches about 0.04 inch thick, which size has proven very de- 
sirable and has become standard with the larger plate manufacturers. 
A wider plate when bent in the plate holder has been found to bulge in 
the middle. From 10 to 15 exposures may be obtained on one plate. 
The setting of the successive exposures is readily accomplished by a 
coarse screw in connection with a millimeter scale and index. Collimator 
and camera lenses are made of quartz 50 millimeters aperture and 625 
millimeters focal length. 

The dispersing system consists of a Cornu type prism 40 millimeters 
high with faces 65 millimeters long. The slit is of the bilateral type with 
jaws 18 millimeters long, made of stainless steel, highly polished, is 
fitted with a micrometer head and with a slide for varying the length 
and one for photographing comparison spectra. 
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L251a Quartz Spectrograph. The spectrograph is in every respect 
the same as L251 (above) with the exception that a wave length scale 
individually ruled is provided with the instrument. By merely turning 
the lever, contact prints of the scale are made adjacent to the spectrum. 
A small electric lamp suitably mounted, provides the necessary illu- 
mination for the wave length scale which is automatically switched on 
when the scale comes in contact with the plate. This feature eliminates 
any possibility of accidentally fogging the plate. Time required for the 
wave length scale print is about 2 seconds. 

For other accessories see catalog M—L, pages 99-100. 


52. QUARTZ SPECTROGRAPH NO. L253 
LITTROW AUTO COLLIMATING TYPE 
The Gaertner Scientific Corp. Chicago 


This form of spectrograph, while not inconveniently large, provides 
a high resolving power and intensity in the visible and ultraviolet 
regions. The instrument is constructed entirely of metal, thus assuring 
permanency of adjustment under any climatic conditions. It is mounted 
on a heavy iron base, two meters long and covered with a steel hood 
having convenient openings to give access to the optical parts. The 
dispersion is three times that of L251 and gives the entire spectrum 





in three sections from 210 to 800 millimicrons 102% inches photo- 
graphic plates. Three plate holders are furnished with the instrument 
each of which is fitted with a seat and cover for the photographic plate 
shaped to the corresponding focal curve. This feature results in ex- 
cellent definition throughout the entire spectrum. 

The slit is of a new bilateral type, fitted with micrometer head. 
It is also fitted with slides, one for varying the length of slit and one 
for photographing comparison ‘spectra. The jaws are 18 millimeters 
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long, made of stainless steel, highly polished. The light entering the 
slit is sent down the axis by a total reflecting prism of quartz and is 
collimated by a quartz lens of aperature 70 millimeters F.L.-1700 
millimeters, and traverses a 30° prism of quartz, of face 100 millimeters 
long, 57 millimeters high, coated on the back with tinfoil amalgam. 
The rays strike this reflecting film nearly normally and so return along 
the axis of the instrument, the lens focusing an image on the photo- 
graphic plate. At the same time the rotational properties of the quartz 
are compensated by traversing lens and prism in two directions. The 
arrangement is thus equivalent to a spectrograph of the usual type, 
with similarly dimensioned optical parts, using a 60° Cornu prism. 
The setting of the lens and prisms for the appropriate section of the 
spectrum is effected automatically by the turning of a lever. The plate 
is shifted for successive exposures by means of a screw of coarse pitch. 


53. QUARTZ SPECTROGRAPH NO. L250 
The Gaertner Scientific Corp. Chicago 


This instrument is designed to photograph the emission and absorp- 
tion spectra in the visible and ultraviolet regions from 800 to 185 milli- 
microns. Because of its extremely compact design and substantial 





construction, good definition, and the great photographic speed, the 
instrument is found to be extremely valuable in making rapid survey 
of spectra. 
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Collimator and the camera lenses are made of quartz, 25 millimeter 
aperture. The prism is of Cornu type (built up of two 30° prisms of 
left and right-handed quartz, with faces in optical contact). Its faces 
are 20 millimeters high and 30 millimeters long. In this new model, 
the plate holder, the slide and the camera box are made of metal 
throughout. The plate holder takes a standard size plate, 344} 
inches, and may be readily shifted vertically by rack and pinion motion 
for thé successive exposures of spectra. A millimeter scale is attached 
to the slide serving to indicate the position of the plate. A shutter on 
the slit permits the taking of the comparison spectra in juxtaposition. 
The necessary adjustments for focusing the lenses and tilting the plate 
are provided. The bellows on the camera are of black velvet, which is 
light-tight and will not deteriorate with use. The slit jaws are made of 
stainless steel, highly polished. One plate holder and fluorescent 
focusing screen are included. 

No. L250b Photographic Wave-Length Scale. A photographic scale 
made on glass (figured) which may be laid on the spectrogram and the 
wave lengths of most lines read off directly with sufficient accuracy. 

No. L250-W Quartz Spectrograph with Wave-Length Scale. This 
instrument is in every respect the same as No. L250 with the exception 
of a wave-length scale specially ruled and built-in (similar to our larger 
spectrographs) and which can be photographed onto the photographic 
plate. The wave-length scale covers a range from 185 to 800 milli- 
microns. 

No. L250p Dry Plates. These plates are especially suited for use 
with No. L250 Spectrograph—3} <4} inches. 

For other accessories see catalog M-—L, pages 99-100. 


54. WAVE-LENGTH SPECTROMETER NO. L230 
The Gaertner Scientific Corp. Chicago 


In this instrument certain basic features of previous models have been 
retained, and others radically improved. 

The prism is of the Pellin and Broca type in which, owing to an 
internal reflection, the ray emergent at right angles to the incident ray 
is always in the position of minimum deviation. The telescope and 
collimator are thus fixed at right angles to each other, preserving all 
optical alignments, and the spectrum is moved by moving the prism 
and its table by means of a micrometer screw. 

Telescope and collimator have an aperture of 31 millimeters and 
focal length of 300 millimeters. The telescope is focused by a milled 
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ring which slides on the objective. The slit is symmetrical and of a 
new design with jaws of stainless steel having optically flat polished 
surfaces. The available length is 15 millimeters which can be reduced 
“ad lib” by means of a slide having steps of different widths. The width 
of slit is adjustable by a micrometer screw and head. The eyepiece has 
a focal length of 18 millimeters. The cross hairs are fixed in the axis of 
the telescope, the necessary “zero adjustment” being made on the wave- 
length spiral, as described below. 

The micrometer mechanism for rotating the prism table utilizes a 
fixed screw and traveling nut of large diameter, cut and corrected by 
the method developed by this company in the manufacture of precision 
comparator screws. The use of a fixed screw has made it possible to 
completely enclose screw nut and wave-length spiral. 

The helical drum which has previously been a standard part of the 
wave length spectrometer, had many disadvantages; it was difficult 
to read—first, owing to the peculiar reflection of light from its cylindri- 
cal surface, and second, owing to the fact that at the violet part of the 
spectrum the divisions were very far apart as contrasted with the red 
end where they were very close. 

Our latest form of wave-length spectrometer eliminates these and 
other disadvantages at one stroke by substituting for the cylindrical 
helix, a flat spiral. The utilization of the inner turns for the violet end 
and the outer turns for the red end, materially decreases the disparity 
between the lengths of ten angstrom intervals at the two ends of the 
spectrum, and the flat surface gives admirably uniform reflection of 
light. The spiral plate and sliding index are entirely enclosed. The 
spiral plate is held friction-tight on the screw, a small push button 
enabling one to hold the spiral and turn the screw for the zero adjust- 
ment should it be necessary. Spring bumpers at the ends of the spiral 
make it impossible to jam the index at the ends of the spectrum, and 
the new construction eliminates the possibility of the index jumping 
out of its groove. The spiral is graduated at intervals of ten angstroms 
throughout the visible spectrum 390 to 800 millimicrons, individual 
angstroms being obtained by estimating tenths of these intervals. 
A small flash lamp is built in just above the index, with a space for a 
small dry ceil and switch. Amber illumination is thus provided which 
will not fatigue the eye. 

The wide adaptability of our wave length spectrometers should be 
remembered. The exit slit converts it into a monochromatic illumina- 
tor, our camera attachment into a spectrograph. There are also avail- 
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able interference accessories. Prism, spiral plate, and telescopes may 
be replaced by corresponding parts to convert the instrument into a 
monochromator for the ultraviolet. For details of these accessories, 
see catalog M-L, pages 56-57-58. 

Note: Patent applications have been filed to cover the use of the 
flat spiral dial on this and other instruments. 


55. NEW IMPROVED STUDENTS’ SPECTROMETER NO. L101 
The Gaertner Scientific Corp. Chicago 


The new Students’ Spectrometer embodies a number of decided 
improvements over the former model L101 spectrometer which has 
given such general satisfaction and of which many hundreds have been 
supplied to the best laboratories throughout the world. 

The instrument in this new form is very much more substantial and 
more convenient in use. A delicate focusing device for the telescope and 
a magnifier for reading the verniers have been added. 





The outstanding feature of this new spectrometer is the construction 
of the circle and verniers with graduation in the same plane, allowing 
uniform illumination and much easier reading. The lines and figures 
appear in white on a black background. -They are filled in with perma- 
nent white by a special process recently developed. The circle and the 
verniers are covered by a dust-tight cap with glass windows over the 
verniers. An adjustable, rotable magnifier is provided for convenience 
in reading. 

The centers for circle and vernier are made of high-grade steel and 
the bearing of hard bronze, assuring accurate concentricity and free 
rotation with least friction. 

The collimator is firmly mounted in a double cradle, fitted with screws 
for adjustment in vertical and horizontal planes. The slit is of improved 
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design; the jaws are of nickel-silver with carefully ground and polished 
edges. The jaws are 6 millimeters long, operated by a fine adjusting 
screw and spring. 

The telescope is fitted with Gauss eyepiece and a spiral delicate 
focusing arrangement and is likewise mounted in a substantial double 
cradle fitted with adjusting screws. It is provided with a clamp and 
tangent screw for delicate motion. The objectives for telescope and 
collimator are achromatic, 25 millimeters aperture, 160 millimeters 
focal length. 

The prism table is of brass, 80 millimeters in diameter with provisions 
for all necessary conveniences such as, height adjustment, tilt, clamping 
arrangement, delicate rotation, screw, etc. It is fitted with a spring 
prism clamp of adjustable height. 

Height from table to optical axis, 200 millimeters. 


56. GOERZ LENSES 
C. P. Goerz American Optical Co. New York 


We manufacture in our New York factory and carry a complete 
stock of various types of genuine Goerz photographic lenses: 

Dacor F/6.8 in focal lengths from 3 to 19 inches, mounted in 
iris barrels, Compound or Acme shutters. For general pho- 
tography. 

Docmar F/4.5—5.5 in focal lengths from 3 to 164 — mounted 
in iris barrels, Compound or Acme shutters. For high-speed 
and portrait. 

Kino-Hypar F/2.7 and F/3 in focal lengths from 15 millimeters 
(.66 inch) to 100 millimeters (4 inches). For motion picture 
photography, standard and 16 millimeters film. 

ArTAR F/9.5—F/15, highly corrected apochromat for color sepa- 
ration negatives and general photo-engraving processes, in 
focal lengths from 14 to 48 inches. 

Gotar F/8-F/10, a speedy lens for black and white photo- 
engraving, halftone and copying, in focal lengths from 14 to 
24 inches. 

Prisms, right angle, for reversal of image in photo-engraving 
processes. 

We also make a number of — devices and accessories especially 
for professional and amateur motion picture photography such as 
fade-ins, vignetters, mask-boxes, double exposure shutters, and a com- 
plete effect and title device for 16 millimeter cameras as the Filmo, 
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Victor and others. We build optical systems to individual specification 
and invite correspondence from inventors and investigators along 
photographic-optical lines. 

For motion picture photography under unfavorable light condition 
and for long distance photography we carry in stock two types of 
imported lenses: 

Crnecor F/1.5-F/2-F/2.5, a high speed anastigmat of very 
recent design in focal lengths from 1 to 4 inches, also suitable 
for cinematography in natural colors. 

TELEGOR F/4.5 in focal lengths from 4} to 134 inches, a high- 
speed telephoto lens with short back focus for cameras with 
limited bellows extension. 

Other imported articles are the LOMARA Pocket Microscope 15 X 
to 200 and the Combination barometer and thermometer a useful 
desk ornament for home or office. 

In compact cameras we recommend the imported V. P. Rollette, a 
small roll film camera with a large picture size and the Kawee cameras 
in 2}X3} and 9X12 centimeters for plates and filmpacks. These 
cameras are fitted by us with either Dagor or Dogmar lenses. 

Descriptive literature and detailed information will be gladly fur- 
nished by writing to the C. P. Goerz American Optical Co., 317 E. 
34th St., New York, N. Y. 

By arrangement with the well-known firm of scientific instrument 
makers, the AAKANIA WERKE (CARL BAMBERG WERK) BER- 
LIN we offer our services in the importation of any of their various 
scientific instruments. Their field of activity comprises: 

Astro—Refractors, reflectors, spectroscopes spectrographs, 
comparators, micro-photometers (Hartman), spherometers, 
etc. 

Gro—Cathetometers, screw-measuring instruments, theodolites, 
earth inductors, levels, altimeters, variometers, torsion-bal- 
ances, pendulum apparatus, field balances, meteorological 
instruments, barographs, etc. 

Puyo—Spectroscopes, spectral apparatus, polarization instru- 
ments, glassware strain testers, colorimeters, turbidity meas- 
ures, monochromators, saccharimeters, diffraction gratings, etc. 

K1no—Motion picture cameras, normal and high speed up to 
100 exposures per second. 

Nautic—Compasses, binnacles, sextants, chronometers, sound- 
ing machines, nautical instruments for yachts. 
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AERO—Statoscopes, altimeters, pressure gauges, variometers 
velocity meters, etc. 

THERMO-TECHNICAL INSTRUMENTS—Steam meters, flow meters, 
pressure recorders, pyrometers, etc. 

We invite correspondence about these and other scientific instru- 
ments and will be glad to furnish descriptive literature, prices, and 
delivery terms either from material on hand at our New York office or 
by correspondence with the manufacturers. 

C. P. Goerz American Optical Co., Manufacturers and Importers of 
Scientific Instruments, 317 East 34th St., New York, N. Y. 


57. THE ADVANCED RESEARCH MODEL OF THE UNIVERSAL 
LABORATORY ULTRAVIOLET LAMP 


Hanovia Chemical & Manufacturing Co. Newark, N. J. 


This is a new Hanovia quartz mercury arc lamp. Specifically an 
efficient source of intense ultraviolet light for use with monochromater, 
polarimeter, spectrometer, interferometer, saccharimeter, photomicro- 
graphic apparatus, other optical apparatus and in a broad sense for 
general experimentation. 


It is especially powerful in the production of ultraviolet light, com- 
bining in its constructions several new and highly desirable mechanical 
features, insuring the prompt acceptance of this equipment by the 
research worker. 





Those in attendance at the exhibit are cordially invited to our 
space where the Advanced Research Model of the Universal Labora- 
tory Ultraviolet Lamp is the center of an interesting display. 


-HANOVIA TRANSPARENT QUARTZ 
Acid- resistant 
Non-hygroscopic 
Thermal expansion negligible 
Electrically non-conducting 
Water-insoluble 
Heat-resistant 
Ultraviolet transmitting 


The special physical properties of quartz glass have secured for it an 
important position among laboratory apparatus. Whereas quartz 
ware for sometime has been reserved for occasional important work, 
laboratory workers are gradually turning to quartz in the conduct of 
daily routine. 


It is important to know that we make special shapes, and that our 
long experience and exceptional facilities assure apparatus of high excel- 
lence in substance and workmanship. 

63 





It is suggested that you ask Hanovia Chemical & Mfg. Co., Newark, 
N. J., U. S. A. for the booklets on— 
“Hanovia Quartz Ware and other Equipment for Laboratory Use,”’ 
“Hanovia Electric Resistance Furnaces for Laboratory Purposes,” and 
“Hanovia Ultraviolet Lamps and Other Equipment for Laboratory 
Use.” 


58-68. EXHIBITS OF KEUFFEL & ESSER COMPANY 


The surveying instruments shown in this exhibit were selected from 
the complete line described in our regular catalog. The instruments, 
including castings and optics, are made entirely in our factory in 
Hoboken, N. J. The lenses are designed in our Optical Laboratory, 
and ground and polished, under rigid inspection, in our own optical 
department. 

The construction of K&E instruments is continually being improved, 
some of these improvements may appear trivial in character, yet it is 
continued attention to these details which makes the instruments 
sturdy and reliable. Particular attention has been paid to increasing 
the useful life of our instruments. To this end, the selection of materials 
for different parts is very important, as an example, where metals 
come in wearing contact, compositions of different hardness having 
good anti-friction qualities, are selected. Parts such as compass and 
vernier glasses are fitted to keep the instrument dust and moisture 
proof. The magnetic needles are gold-plated to prevent rusting. 
Many other improvements may be pointed out, but the most radical 
change in construction during the past year, has been the adoption of 
the Internal Focusing Telescope, which is now available on all high 
grade instruments. 


58. INTERNAL FOCUSING TELESCOPE 
Keuffel & Esser Co. Hoboken, N. J. 


The Internal Focusing Telescope permits the main tube to be in one 
piece, closed at one end by the objective and at the other end by the 
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Internal focusing telescope 


eyepiece, thus making it practically dust and moisture proof. This 
feature adds to the useful life of the instrument. 
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The telescope is in balance when focused at any distance. This is 
made possible by the light weight of the moving parts and the fact 
that they are near the center of the telescope. 

The effective aperture of these telescopes is comparatively large, 
giving a brilliant image. The definition is excellent and the field is 
exceptionally flat. 


K. & E. Triangulation Theodolite internal focusing with vertical circle 
(Exhibit 59) 


K&E Internal Focusing telescopes as used on transits and theodo- 
lites are so designed that observed stadia distances are corrected from 
the center of the instrument without the application of the usual 
instrument constant f+c. This feature saves time in making stadia 
measurements and assures greater accuracy. 
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59. K & E TRIANGULATION THEODOLITE, INTERNAL 


FOCUSING WITH VERTICAL CIRCLE 
Keuffel & Esser Co. Hoboken, N. J. 


Telescope, 14 inches long, astronomical, internal focusing. Two eye- 
pieces giving magnifying power of 24 and 32 diameters. Effective 
aperture of objective is 1.60 inches. Spirit level to telescope having a 
sensitiveness of 20 seconds per graduation. Striding Spirit level to 


K. & E. Engineers’ transit with internal focusing telescope and stadia circle 
(Exhibit 60) 


telescope axis having a sensitiveness of 20 seconds per graduation. The 
telescope transits through its standards in the usual way, and in addi- 
tion the axle can be reversed in its bearings. 

Horizontal Limb, 8 inches diameter, graduated on solid silver to 
ten minutes, reading by double direct verniers and magnifiers to ten 


seconds. 
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Vertical Circle, 54 inches diameter, graduated on solid silver to 
fifteen minutes, reading by double direct verniers and magnifiers to 
twenty seconds. Control level for verniers. 

Centers, hard bell metal and anti-friction composition, extra long. 
Once piece U standard mounted directly on flange of inner center. 


60. K & E ENGINEERS’ TRANSIT WITH INTERNAL FOCUSING 
TELESCOPE AND STADIA CIRCLE 
Keuffel & Esser Co. Hoboken, N. J. 


Telescope, 11} inches long, internal focusing, terrestial, magnifying 
power diameters, effective aperture of objective 1.38 inches. 

Stadia Hairs fixed, ratio 1 to 100, reading direct from center of 
instrument without addition of constant f+c. Spirit level to telescope 
having sensitiveness of 30 seconds per graduation. 

Horizontal Limb, 6} inches diameter, graduated on solid silver to 
half degrees, reading by opposite double direct verniers to one minute. 

Compass, gold-plated needle about 4} inches long. Compass ring 
beveled, graduated to half degrees with variation plate. 

Stadia Circle, 5 inches diameter, graduated on solid silver to half 
degrees, reading by double direct vernier to one minute. Opposite 
segments of circle graduated to read percentage factors for obtaining 
the horizontal and vertical components of observed stadia distances. 

Centers, hard bell metal and anti-friction composition, extra long. 
Four leveling screws, shifting center. 


61. K & E ENGINEERS’ DUMPY LEVEL, WITH INTERNAL 
FOCUSING TELESCOPE 
Keuffel & Esser Co. Hoboken, N. J. 


Telescope, 18 inches long, terrestrial,internal focusing. Objective with 
effective aperture 1.61 inches. Magnifying Power 28 diameters. 
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Center of gun metal cast in one piece with Level Bar which is tubular 
in form and encases the spirit level which has a sensitiveness of 20 
seconds per graduation. 


62. K&E GEOLOGICAL SURVEY ALIDADE (AS MADE BY 
K. & E. FOR THE U. S. GEOLOGICAL SURVEY). 
Keuffel & Esser Co. Hoboken, N. J. 
















Telescope, 10 inches long, internal focusing, with ring focusing de- 
vice. Effective aperture of objective 1.34 inches. Magnifying power 
about 16 diameter. Stadia hairs fixed, ratio 1 to 100 reading direct 
from center of instrument. To facilitate checking of adjustment of 
cross hairs, telescope can be revolved on longitudinal axis and clamped. 
Striding spirit level to telescope having sensitiveness of 40 seconds per 
graduation. 





Vertical arc, 4 inches diameter, graduated to half degrees reading by 
double direct vernier to one minute. Opposite segments have K&E 
stadia arc graduation, for obtaining the horizontal and vertical com- 
ponents of observed stadia distances. 


63. DARAD SEXTANT 





Keuffel & Esser Co. Hoboken, N. J. 









Sextant, as made by us for the U.S. Army and Navy, for use in aerial 
and marine navigation. It establishes the horizon by means of a 
special sensitive level; the sun or star being made to bisect the space 
between the double image of the blister. In this way, the altitude of 
the sun (or star) may be taken from aeroplanes or airships at any 
height, and from the decks of marine craft when the natural horizon 
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is obscured. The instrument can be instantly converted for use with 
the natural horizon by simply turning a knob. It is not necessary for 
the operator to concern himself with the leveling of this instrument as 
in the case of most bubble sextants. 





Angles are read directly in degrees and minutes on the arc and the 
drum of an endless tangent screw, allowing the readings to be made 


quickly and accurately. Magnifying power 3 diameters. Field of view 
13 degrees. 


64. MARINE AEROLOGICAL THEODOLITE, AS MADE 
FOR THE U. S. NAVY BY K & E 


Keuffel & Esser Co. Hoboken, N. J. 


Specially designed for observing pilot balloons from the deck of a 
moving ship. The theodolite is mounted in gimbals and weighted to 
keep it steady while the ship moves. Both horizontal circle and verti- 
cal arc are of the endless tangent screw type, graduated in degrees and 
reading directly to tenths of degrees on the drum of the tangent screw. 

The altitude of the pilot balloon is determined by bringing it in 
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coincidence with the natural horizon, or if this is not visible a simple 
turn of a knob will make the bubble horizon visible. Field of view 7 
degrees, magnifying power 8 diameters. 


65. K & E COLOR ANALYZER 
Keuffel & Esser Co. Hoboken, N. J. 


The K&E Color Analyzer was developed to meet the need for a 
simple practical direct-reading spectrophotometer. 
It is a complete spectophotometer in a single unit, and provides a 
rapid and precise means of obtaining a complete color analysis of any 
sample, liquid or solid, transparent or opaque. 


It consists essentially of: (See illustration right to left) (a) the con- 
stant deviation spectrometer with its wave-length scale, (b) the direct 
reading rotating disc photometer with its photometer scale, (c) the 
Stand with adjustable holder for transparent samples, (d) the light 
source with its holder for samples when reflection measurements are 
made:—all mounted rigidly on a cast aluminum base. 

For a detailed description see:—“A Direct Reading Spectrophoto- 
meter” by Carl W. Keuffel published in the Journal of the Optical 
Society of America and Review of Scientific Instruments, 11, No. 
4, Oct., 1925. 


66. K & E COLOR ANALYZER SLIDE RULE 
Keuffel & Esser Co. Hoboken, N. J. 


K&E Color Analyzer slide ruleisa duplex rule, 20 inches, engine divided, 
divisions on white facings. “Frameless” glass Indicator. One face has 
necessary scales to be used for transformation of spectrophotometric 
data into monochromatic system (dominant wave length, purity and 
relative brightness). 
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The other face is ruled so that Lambert’s law governing the trans- 
mittance of the transparent substances for different thickness can be 
solved. Where the transmittance of a substance is known for one thick- 
ness, its transmittance at any thickness can be read off directly. 


67. K & E INTERFERENCE VIEWING INSTRUMENT 
Keuffel & Esser Co. Hoboken, N. J. 


Used for viewing interference patterns produced by interferometers. 

The instrument was exhibited in connection with the following 
interference measurements: 

a. Measuring depth of blood counting chamber by means of inter- 
ference between the bottom and top surface of the chamber and a 
standard plane surface. 
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b. Measuring flatness of a surface by means of interference between 
the test surface and a standard plane surface. 

c. Checking length and parallelism of gauge blocks by means of inter- 
ference between surfaces of gauges and on standard plane surfaces. 
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d. Measuring the expansion or contraction of dental amalgams b» 
means of a special interferometer. 

e. Measuring the thermal expansion of small samples by interference 
between two plane surfaces. 


68. MAGNIFIERS FOR SLIDE RULES 
Keuffel & Esser Co. Hoboken, N. J. 


A number of K&E slide rules with and without cylindrical magnifiers 
are exhibited because of the important réle which the slide rules play 
in optical and other technical computations. 


69-73. PHOTOMETERS 
Leeds & Northrup Company Philadelphia, Pa. 


The modern photometric laboratory includes a bar photometer, an 
Ulbricht sphere and one or more portable photometers. The bar 
photometer, although one of the first photometric devices, is still used 
for determining the intensity of a luminous source in one direction. 
The Ulbricht sphere has come into wide commerical use as a means 
of determining in one measurement the total flux emitted from a source. 
The portable photometers are designed to measure the illumination on 
a diffusion plate which may be set to receive the flux in one or more 
axes. It is also possible toobtain a measure of surface brightness and 
source intensity. 


69. BAR PHOTOMETER 
Leeds & Northrup Company Philadelphia, Pa. 


The bar photometer has retained many of the original features of 
design and the modern trend has been toward the improvement of the 
individual parts rather than the equipment as a whole. While the 
primary purpose of the bar photometer has been the determination of 
horizontal candle power in one direction a suitable rotating device may 
be provided so that vertical and horizontal distribution curves of lamps 
and luminaries can be taken. 














Bar Photometer 
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The track is ordinarily provided with inverse square and millimeter 
scales. The Lummer-Brodhun sight box contains a contrast pattern 
cube which receives the light from the diffusing screen through totally 
reflecting prisms. Where bad color differences are encountered, the 
Kingsbury flicker sight box utilizes a convenient method of obtaining 
a photometric balance. A special Lummer-Brodhun cube is provided 
dividing the field into four equal sectors; diametrically opposite sectors 
exposed to the standard and test lamp respectively. A rotating me- 
chanism carrying a small double wedge prism driven by a motor is 
placed in the eyepiece. This exposes to the eye alternately the surfaces 
of a diffusing screen which are illuminated by the two sources. Due to 
the rapid rotation the sensations of color from the two sources are 
intermingled and a flicker remains which may be made to disappear 
when the illumination is the same on both surfaces of the diffusing 
screen. 


Lummer-Brodhun Head Section of Eyepiece Kingsbury Sight Box 
for Kingsbury Flicker 
Sight Box 

The cross section shows the eyepiece of the Kingsbury sight box with 
the rotating wedge prism “W.” The small chamber directly in front 
of the telescope eyepiece has white walls and is illuminated by a small 
electric lamp “L.” The illumination in this chamber is adjusted to be 
approximately equal to the intensity of illumination on the diffusing 
screen, which aids materially in reducing eye fatigue and increases the 
sensitivity of the eye. 

A compound rotation of the horizontal type permits a reading to be 
taken in any desired horizontal angle in the plan of the photometric 
axis. The angle may be indicated on a horizontally divided scale and a 
vertical scale shows the angles for rotation about the axis of the lamp. 
Separate collector rings for potential and current circuits facilitate 
knowledge of the condition of the lamps under test. The usual motor 
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driven sector with four accurately perforated discs enables a wide range 
of measurements to be made with the bar photometer with the ordinary 
lamp standards. 


70. SPHERE PHOTOMETER 
Leeds & Northrup Company Philadelphia, Pa. 


The Ulbricht integrating sphere in a single measurement gives a 
measure of the mean spherical candle power of a source which by 
definition is the total light flux divided by the total solid angle. Because 
of the convenience and speed with which lamps and luminaires may be 
compared the integrating sphere has been adopted commercially. 
Errors due to departure from theoretical considerations are minimized 
by making the sphere large in comparison with the source, interposing 
a shield for the window from the direct rays from the source and finally 
resorting to a pure substitution method. 





60” Sphere and Track 30” Sphere 
Sector Opening Special Macbeth [luminometer 


While spheres ten feet or more in diameter are occasionally used those 
having diameters of 60, 40, and 30 inches are more popular. The 
60 inch diameter spheres frequently have a sector door and are arranged 
so that they may be divided hemispherically for insertion of the source. 

The 60-inch sphere uses a track and a Lummer-Brodhun head as a 
reading device. A translucent glass window and an iris diaphragm are 
on the sphere side of the Lummer-Brodhun head. The scale may be cali- 
brated in ratio values. The 30-inch sphere uses the Macbeth illuminom- 
eter with an additional ratio scale. 
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71. PHOTOELECTRIC CELLS 
Leeds & Northrup Company Philadelphia, Pa. 


The photometers mentioned so far have been of the visual type, that 
is requiring the human eye to determine the balance point. During the 
past few years considerable progress has been made in the use of photo- 
electric cells as a substitute. Considerable difficulty has been en- 
countered in finding photoelectric cells with sufficient voltage-radiation 
sensitivity, proportionate response to illumination, and correct spectral 
radiation selectivity. The ability of cells to pass only feeble currents 
has been augmented by the use of more sensitive galvanometers or 
microammeters, and also by the addition of amplifying devices employ- 
ing vacuum tubes. As the cell current is always direct current the 
amplifiers have taken the form of vacuum tube bridges, or an impulse 
response exposing the standard and the unknown alternately at a 
sufficiently rapid rate so that the impulses may be amplified. The 
spectral radiation selectivity has been partially compensated through 
the use oi filters _ It is claimed that the proportionate response can be 
obtained*by er design of the cell. Undoubtedly in the near future 
sphere photom@frs employing photoelectric cells as a reading device 
will be ae 


A S MACBETH ILLUMINOMETER 
Leeds & Northrup Company ~— Philadelphia, Pa. 


The Macbeth Illumiifometer is a portable photometer which differs 
from other instrumentg\6frsifailar purpose or character, not only in 
features of design and: égiftttaction which make for convenience and 
variety of application, ‘but also in certain details of operation, one of 
which is of very special significance. It is provided with means for 
checking the calibration of the working standard of illumination, 
without requiring a dark room or any auxiliary photometric apparatus. 
By use of a reference standard each observer makes his own calibration, 
and thus eliminates personal error that might occur in the use of a 
calibration by some one else. 

The three main units of the equipment are the Illuminometer, Fig. 1, 
the Controller, Fig. 2, and the Reference Standard, Fig. 3. A sectional 
view of the Illuminometer is shown in Fig. 4. 

In the rectangular head of the illuminometer is a Lummer-Brodhun 
cube, L, mounted so that the photometric field is observed through the 
telescope, T.° Light from the surface of which the brightness is to be 
measured enters the short tube, S, opposite the telescope. In the large 
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tube to which the head is attached an electric incandescent lamp, W, 
called the working standard, is mounted in a carriage, C, with a dia- 
phragm opening toward the cube. The carriage is attached to one end 
of a square rod, R, and is moved up and down in the tube by means of 
a substantial rack and pinion, P. Control of the movement and position 
of the working standard is positive. On one side of the rod is engraved 
a direct reading scale calibrated from 1 to 25 foot candles. An index, /, 
is attached to the lower end of the tube, and is adjustable to allow for 
variations in filament position in different working standard lamps. 
Reflection in the interior of the tube is so thoroughly eliminated that 
the scale follows the inverse square law. 

Calibration of the working standard lamp is checked by the Reference 
Standard, the principle of which is shown in Fig. 3b. Light from a 
standardized lamp falls upon a reflecting surface beneath the opening 
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Fig. 4 Cross Section of I!iuminometer 


a 
Fig. 3b. Cross Section of 












C,in the base of the case. When the current in the lamp is exactly that 
stated in the calibration certificate for the lamp there is a definite in- 
tensity of light on this surface. The short tube for admitting light to 
the illuminometer is inserted in the opening at D, and the current 
through the working standard lamp is adjusted, with the scale of the 
instrument set at some definite value. 

Current for lighting the lamps is supplied by two dry cells in series 
installed in the controller. It is adjusted by two rheostats capable of 
close regulation, and is measured by a milammeter. By means of a 
double throw switch the meter can be put in series with either lamp. 
When it is connected in one circuit, a resistance exactly equal to that of 
the meter is automatically introduced into the other circuit to avoid 


change of current in either lamp. 
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In measuring intensity of illumination a test plate is placed at the 
point in the plane where the illumination value is wanted. This plate 
is then a secondary source of light, the brightness of which is compared 
with that of the translucent screen within the instrument which is 
illuminated to a known intensity by the working standard lamp. The 
scale of the instrument shows in foot candles the intensity of illumination 
in the plate. 

In measuring brightness a separate standardization is made, taking 
into consideration the absorption of the test plate. This value is in 
terms of “apparent foot candles” emitted and usually renders the 
brightness of sources or surfaces direct reading from the same scale on 
the instrument without the use of factors for multiplying or dividing 
the scale values excepting where results are desired in terms of candle 
power per square inch, square foot, square centimeter, or square meter. 

The intensity of any source of illumination may be determined by 
placing the test plate a known distance from the source, measuring the 
illumination intensity in foot candles upon the test plate, and then 
computing the candle power by multiplying the scale values by the 
square of the distance of the test plate from the unknown source (the 
law of inverse squares). 


73. OPTICAL PYROMETER 
Leeds & Northrup Company Philadelphia, Pa. 


An optical pyrometer is an instrument for measuring the temperature 
of matter in a state of incandescence. It is used principally for tem- 
peratures above the range in which contact thermometers can be used. 
The L & N Optical Pyrometer will measure temperature accurately 
and reliably in a range that begins at about 1400°F and extends to the 
highest known temperatures. 

The method is based on the fact that the intensity of light emitted 
by an incandescent body varies in a definite manner with changes in 
the temperature of the body. The temperature can be determined by 
comparing the intensity of light emanating from the hot body with 
the intensity of light from a standard source. The optical instrument 
is the means for making the comparison. 

A consideration of the illustration above will show how this is accom- 
plished. In this diagram L is the objective lens of a telescope by which 
light from the incandescent body is caused to form an image in a 
vertical plane at F. In this same plane is the filament of a tungsten lamp 
which is heated by electricity from the battery Ba. The lighted filament 
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and the luminous image are observed through the eye piece M. By 
means of the rheostat RA the lamp current is regulated until the bright- 
ness of the filament is just equal to that of the image. The current 
required to heat the filament to this degree of brightness is measured 
by the milammeter Ma. This is an index of the temperature of the 
incandescent body. The temperature corresponding to the meter read- 
ing is shown in a calibration chart for the lamp in the telescope. 

A disc of red glass, R, in the eyepiece reduces the light from both 
image and filament to a single color, so that there is no question of 
matching colors, or of the observer’s ability to distinguish color. The 
comparison is one of brightness only. The eye is very sensitive to a 
difference in the brightness of two areas, particularly when one is 




















Optical Pyrometer 


smaller than the other and is superposed on it, as in the optical py- 
rometer. 


The red glass also shields the eye against effects of light of high in- 
tensity. If further protection is needed a green glass disc, G, can be 
turned into position over the rear aperture of the eyepiece. This does 
not affect the calibration of the instrument. 

At temperatures above 2500°F the intensity of light forming the 
image is greater than that which it is practicable to cause the lamp 
filament to produce. To reduce the intensity of the image to that with 
which the filament can be compared the screen N is interposed between 
the lens and the image. The range of the milammeter with this screen 
in place is approximately from 2200°F to 3200°F. A second screen, S, 
can also be interposed to extend the range still higher. The use of either. 
or both of these screens requires additional calibration of the instru- 
ment. 





74. “LEICA” CAMERA 
E. Leitz, Inc. 60 E. Tenth St., New York City 


With the introduction of the “Leica” camera, a new field of endeavor 
offering many advantages presents itself to scientists. The “Leica” not 
only serves for photographing outdoor or indoor scenes but functions 
for copying of manuscripts, maps, photomicrographic structures, aerial 
views. Its novel feature is such as permits one to use the camera at a 
moment’s notice, whereas the focal plane shutter presents those ad- 
vantages well known to photographers. 

The Leitz “Leica” Pocket Roll-Film Camera is described in Pamphlet 
No. 1127. 


75. CHAMBERS’ MICRO-MANIPULATOR 
E. Leitz, Inc. 60 E. Tenth St., New York City 


The Chambers’ Micro-Manipulator has found its way into prac- 
tically every type of laboratory since its use is so varied as permits its 
utility in almost every kind of scientific work. 

The Chambers’ Micro-Manipulator is described in Pamphlet 1086. 


76. LEITZ MONOCHROMATOR 
E. Leitz, Inc. 60 E. Tenth St., New York City 


The new Leitz Monochromator has embodied in its construction 
several features which make it readily adaptable for routine as well as 
research use, while at the same time it has been priced sufficiently low 
to make it easy for every laboratory to obtain one. 

The Leitz Special Daylight and Monochromator-Lamp is described 
in Supplement Pamphlet No. 1099. 


77. MICROSCOPE “‘ABM-30” 
E. Leitz, Inc. 60 E. Tenth St., New York City 


The Leitz research microscope model “ABM-30” will interest 
scientific members because of its unique construction and the ease with 
which one can interchange monocular and binocular tubes. It serves 
at many laboratories for intensive research work of the highest caliber, 
and the Apochromatic objectives furnished with it are corrected to 
the highest degree of efficiency. 

The Leitz Microscope Model “ABM-30” is described in our Pamphlet 
No. 11065—Leitz Microscopes, Binocular Type for Single Objectives. 
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78. MISCELLANEOUS APPARATUS 
E. Leitz, Inc. 60 E. Tenth St., New York City 


A variety of other apparatus too numerous to indicate herewith, yet 
of sufficient interest to scientific men will be on active display under 
the supervision of a technical representative who will qualify to discuss 
the constructions involved. Furthermore, several new constructions 
of which we have no samples as yet, will be shown in our publications 
and our technical representative will be prepared to render further in- 
formation on these developments. 

It is quite evident that many advances in scientific construction have 
taken place abroad. This information does not readily reach domestic 
scientific publications with the result that a visit to the Leitz booth 
will enable the scientist to learn of a number of these new developments. 


79-83. EQUIPMENT FOR COLOR MEASUREMENT 
AND SPECIFICATION 
Munsell Color Company, Inc. 10 East Franklin Street, Baltimore, Maryland 


79. PFUND MULTIPLE REFLECTION COLORIMETER 
Munsell Color Company, Inc. Baltimore, Md. 


This instrument is equipped with five standard color filters and is 
well adapted for the analysis of whites and light tints (i.e., colors of 


high value). The principle of multiple reflection is used to increase the 
intensity (i.e., hue and chroma) of the tin*s °o that slight spectral 


differences are more easily measurable. 
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80. PFUND MULTIPLE REFLECTION TINTOMETER 
Munsell Color Company, Inc. Baltimore, Md. 


An instrument in which two samples are simultaneously subjected 
to multiple reflections. By an interchange of these samples in the 
instrument, the difference in their reflection factors is greatly magnified. 


81. PFUND HARDNESS TESTER 
Munsell Color Company, Inc. Baltimore, Md. 


This is an instrument by means of which the hardness of a film of 
paint, varnish, or other similar material, may be very accurately 
measured. The film is penetrated by the hemispherical end of a quartz 
cylinder under controlled pressure. The width of the impression in the 
film is measured through an attached microscope. 


82. UNIVERSAL PHOTOMETER 
Munsell Color Company, Inc. Baltimore, Md. 


The unique design of this instrument, which is an adaptation of the 
well-known use of a lamp track for the measurement of photometric 
differences, makes it suitable for: 

1. Accurate reflection or transmission measurements, under arti- 
ficial daylight or normal Mazda illumination. 

2. Simplified spectral analyses. 

3. Reliable studies of gloss. 

For normal reflection measurements a daylight filter is used in 
conjunction with the regular tungsten filament lamp. The sample and 
standard are reversible, thus making possible an accurate calibration 
of the instrument. 

A simple spectral analysis is obtained by means of five pure color 
filters which are furnished with the instrument. 

A study of gloss is made possible because of a provision for adjusting 
the sample at different angles with respect to the illumination and the 
observer. Thus two reflection readings may be obtained, one with the 
sample at an angle where a minimum of specular reflection is observed, 
and the other with a maximum of specular reflection. The ratio of these 
two readings is a reliable indication of the gloss of the sample. 


83. “THE BOOK OF COLOR” 
Munsell Color Company, Inc. Baltimore, Md. 


A collection of standard Color Charts illustrating the three basic 
Helmholtzian attributes of color—“hue, luminosity, and saturation” 
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(hue, value, and chroma). Twenty equally spaced hues are represented 
in equal steps of value and chroma. The colors on these charts have 
been very carefully specified and standardized. The charts are a distinct 
improvement over those in the “Atlas of the Munsell Color System” 
and furnish the best representation of hue, value, and chroma which it is 
possible to produce at a reasonable cost. 


84. STUTZ-PFUND TURBIDIMETER 
Research Department, The New Jersey Zinc Co. (of Pa.) Palmerton, Pa. 


This exhibit is an apparatus developed to measure accurately the 
relative average particle size of a pigment, by determining the opacity 
of a suspension of the pigment. Previous obscuring power methods have 
used the depth of suspension necessary to obscure a lamp filament as 
a measure of particle size. In this apparatus the amount of light trans- 
mitted by a suspension is photometered and used as a measure of the 
average particle size of the suspended material. 


A pparatus 


Figure 1 gives a diagrammatic representation of the instrument. 
A ribbon filament lamp, Z;, is connected to a 6-volt storage battery 
through an ammeter and variable resistance. Light from this lamp is 
rendered parallel by means of the lens A, and passes through a sus- 
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pension of the pigment to be measured, contained in the cell F. This 
cell is of brass, 3 inches long, with glass windows cemented in each 
end. The parallel light transmitted through the cell is focused by means 
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of the lens C in the plane of the filament of the lamp L,. The total 
reflection prism, P, reflects the beam at right angles to its initial direc- 
tion. The eye, placed at the aperture S, focuses by means of the lens 
D on the filament of lamp L2, superimposed on the image of the filament 
of lamp Z,. A screen of red or green glass is introduced at the aperture 
S, to limit the wave length of the light used and eliminate color differ- 
ences. Lamp L; is the lamp from an optical pyrometer eyepiece. It is 
connected to a variable resistance, dry cells, and milliammeter, £. 
By rotating the disk at the side of the box E, the current through the 
filament of lamp LZ. may be varied until the filament equals in bright- 
ness that of the image of the filament of lamp Z;. The intensity of the 
light transmitted by the suspension is then measured in terms of 
milliamperes of current through the lamp Zz. As a standard, a piece 
of Corning turbid glass (G632J) approximately 3 millimeters thick is 
placed in the cell and the cell filled with clear water. 

A more complete description of this instrument has appeared in 
Industrial and Engineering Chemistry, 19, No. 1, P. 51, January, 
1927. 


85. REFRACTOMETER 
Warren P. Valentine 154 North Eleventh Street, Philadelphia, Pa. 


In the Abbe type refractometer the prism block (P), Fig. 1, is used 
to refract rays from samples having indices between Np = 1.300 (position 











Pp 
Fic. 1 


C) and Np=1.700 (position A). Theoretically, for these and for all 
samples of intermediate index, the rays in the telescope focus at the 
same distance from the objective. In practice, since these rays traverse 
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different portions of various optical components, it happens that the 
image distance is not always constant. Thus the distance from telescope 
objective to image plane may, for example, be less for rays such as A 
and C than for a ray B. 

Since, in using the Abbe refractometer, measurements of the index 
of refraction are made by setting the reticule R on images formed by 
the objective of the telescope, the values Np =1.300 to 1.700 being 


read on a sector scale A-C, it follows that, unless the reticule is correctly 
placed with reference to the objective, there will be parallax of a nature 
which, of course, can not be eliminated by adjustment of the eye-lens 
only. Errors which may be made in the adjustment of this reticule dis- 
tance tend to reduce the accuracy attainable with the refractometer 
and when the instrument is used constantly, eye strain may result from 
inability to focus the lens system correctly. 
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In the Abbe refractometer as designed by Valentine, Fig. 2, the 
eye-lens E is mounted in a screwed cell and then both eyepiece and 
reticule are mounted in a sliding tube. The eye-lens E may first be 
adjusted until the cross hairs of the reticule are sharply defined. Then, 
by turning the milled nut N, the sliding tube containing both reticule 
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and ocular may be adjusted until no parallax can be detected between 
the cross hairs of the reticule and the image which constitutes the critical 
edge. This construction thus trains the observer to verify the correct- 
ness of reticule distance and permits a fine adjustment of this important 
feature. 


86. LENARD RAY TUBE 
Westinghouse Lamp Company Research Laboratory Pittsburgh, Pa. 


The essential feature of this tube is the window construction. This 
consists of an indrawn or out-blown glass bubble of the order of .001 
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cm in thickness. The use of part of the glass envelope as the window 
through which the electrons are ejected eliminates the use of metallic 
foils, wax or soldered joints and metal to glass seals. In consequence 
of this the tube may be baked to 450°C, sealed from the pumps, and 
operated without use of charcoal and liquid air. 


The low density of the glass and the thinness of the window make 
it possible for the tube to emit electrons at any voltage above 25 kv. 
The type of tube shown in photograph is designed to withstand 150 kv. 
Tubes with larger bulb and window have been made to run at 300 kv. 

The current required through the tube is the order of 1 milliampere 
and consequently will operate satisfactorily from an induction coil or 
any other type of x-ray voltage generator. 


87. VITREOSIL 
(Fused Pure Quartz) 
The Thermal Syndicate, Ltd., 1730 Atlantic Avenue Brooklyn, New York 


Optical accessories are especially recommended to the builders of 
precision instruments, and to physicists requiring the utmost accuracy. 


EXHIBITS RECEIVED TOO LATE FOR CLASSIFICATION 


88. GAERTNER LINEAR DIVIDING MACHINE— M1306 
The Gaertner Scientific Corporation Chicago 


This new machine divides scales up to 40 inches, or one meter in 
length, in either the English or Metric system. Graduations can-be 
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made on flat, beveled or curved surfaces, varying from fine micro- 
scopic rulings made with diamond point, to heavy commercial gradua- 
tions. Two microscopes at the rear of the bed facilitate the initial 
setting. 

The lead screw is cut of high carbon steel and has a thread the sides 
of which form an angle of 50°. The lead screw nut is made of bronze, 
of sufficient length to give long service, and is made in halves which 
are adjustable to compensate for wear. The nut is released from the 
screw by turning an accessable lever. Temperature differences are 


compensated by means of an adjustable straight edge. Small progres- 
sive errors are compensated by means of a guide bar against which the 
nut guide bears. Periodic errors in the screw are corrected to very close 
limits. The accuracy of the machine is .002 millimeters. The auto- 
matic stop mechanism is adjustable to rule a desired number of lines. 
When this is accomplished, the machine and motor are automatically 
stopped. 

For a more detailed description refer to “Machinery” August, 1928. 


89. GAERTNER CIRCULAR DIVIDING MACHINE—M1365 
The Gaertner Scientific Corporation Chicago 


This is intended for ruling circles up to 25 inches in diameter to an 
accuracy of one second of arc. Various spacings are obtained with 
interchangeable ratchet wheels. 

The table of the machine carries a worm wheel 24 inches in diameter 
with 360 teeth. The weight of worm wheel, spindle, and work is relieved 
by a spring at the lower end of the spindle and the thrust is taken up 
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by a hardened steel ball. Near the periphery of the worm wheel is an 
inlaid silver strip graduated in 1/6, every second degree being num- 
bered. 

The thrust of the worm which drives the table and worm wheel is 
taken by a precision hardened steel ball. The thread of the worm is 
accurately corrected for periodical and progressive errors to within 
1/5 second arc. Small inaccuracies of the worm wheel are compensated 
for by automatically shifting the worm back and forth along its axis, 
this being accomplished by means of a thrust screw. The worm and 
worm wheel teeth are protected by removable covers. 





The tracing mechanism is vertically adjustable and is mounted on a 
cross beam to which it can be clamped in any position. The entire 
unit can be set at any angle from horizontal to vertical so as to permit 
the graduations of inclined, horizontal, or vertical surfaces. Two 
microscopes mounted on adjustable brackets are supplied with the 
machine. 

For more complete details see “Machinery” for July, 1928. 























Vitreosil spectrum tubes are particularly suited for interference 
measurements of wave lengths in various metallic spectra; as a splendid 
source of monochromatic light in optical testing and research; to supple- 
ment laboratory analyses; and for the detection of impurities in raw 
materials, etc. 

They are extremely efficient and can be made to emit light of great 
intensity without appreciable heating or electrical evaporation of elec- 
trodes. Tubes after long service will not show any signs of electrode 
disintegration or gas occlusion. 


MADE IN FOUR STYLES 
Price each empty 


Type A With Platinum Disc Electrodes $119.25* 
(Illustrated Above) 

Type B With Aluminum Disc Electrodes . .$ 30.00 

Type C With Aluminum Rod Electrodes. ..$ 27.00 

Type D Electrodeless........... ture é $ 10.00 


* Subject to the market price of platinum 


Ground and polished vitreosil discs transparent to ultra-violet and 
infra-red rays may be used for sight windows in special research appa- 
ratus, interferometers, etc., lenses for focusing light in spectroscopic 
optical systems, and for photography of objects utilizing the extreme 
as well as near ultraviolet, also vitreosil prisms for bending light in 
similar applications where freedom from distortion under temperature 
changes is essential. 

Owing to the wide range of requirements, vitreosil lenses and prisms 
are usually made up in accordance with buyer’s specifications. Spectrum 
tubes as listed can, however, be supplied promptly from stock. 
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101. CONTINUOUS FILM OSCILLOGRAPH 


Bell Telephone Laboratories, Inc. New York, N. Y. 

Research Department 

This oscillograph is adapted for making long continuous records of 
transient or alternating current phenomena. In the present apparatus 
recording is done on motion picture film, or oscillograph paper of the 
same width, using standard motion picture film magazines which 
permit of daylight loading. 

The oscillograph was designed primarily for recording transient 
phenomena relating to power circuits. The instrument may be connected 
continuously in a circuit in such a way as to record a disturbance 
whenever it occurs; being put into operation by the disturbance itself. 
By means of a suitable relay and sequence switch it may be disconnected 
from the circuit after making a record of any predetermined length; 
it may also be reset in condition to await subsequent transients as they 
occur. 

The oscillograph is equipped with a camera for the purpose of record- 
ing on the oscillograph film any desired identifying information such as 
the time, instrument number, etc. The vibrator element now used has 
a substantially uniform response up to 600 cycles. It employs a mirror 
of considerable size permitting records at power frequencies to be made 
with an ordinary flashlight lamp. At the same time the sensitivity is 
such that it requires less than 0.001 ampere per millimeter deflection. 
The characteristics of the responding element may, however, be greatly 
modified without altering the general method of recording. 

A more complete description of this instrument is in preparation and 
will be published in the near future. 


102. POLAR OSCILLOGRAPH 

Bell Telephone Laboratories, Inc. New York, N. Y. 

Research Department 

The polar oscillograph is adapted for making records of short dura- 
tion, the oscillogram being produced in polar form on standard sized 
portrait film. Standard film holders are employed for convenience in 
loading and storing film. 

This oscillograph was designed for recording transient phenomena of 
short duration of which the time of occurrence is neither known nor 
subject to control. It permits of obtaining good resolution including, 
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even, the first half cycle of a transient. Means are incorporated in the 
oscillograph to terminate the recording after one complete revolution 
of the film, regardless of the position at which it is started. As with the 
continuous film oscillograph, a camera is used for the purpose of record- 
ing the time, etc. At present, the same type of vibrator element also is 
used. 

Means have been provided for employing this oscillograph in con- 
junction with one of the continuous film type for the purpose of obtain- 
ing a more complete record of a disturbance than can be obtained with 
either instrument alone. The polar oscillograph records the beginning 
of the transient with considerable resolution, while the other records 
whatever occurs after the first few cycles, with any desired resolution. 

A more complete description of this instrument is in preparation and 
will be published in the near future. 


103. READING SCALE 


C. G. Abbot Smithsonian Institution 

For reading sensitive instruments with very small mirrors at very 
long scale distances. Comprises a plane ground glass with cylindric 
lens in front to concentrate the faint beam thereon. Above is a screw 
carrying reading device. The latter is detachable from the screw with 
half nut for rapid setting, but may be set accurately by divided head. 
Below the ground glass is a scale of equal parts scratched on one face of 
a 45° totally reflecting triangular-sectioned optical glass rod. A small 
lamp below and another at the side illuminate simultaneously the scale 
and the divided head when a button switch is pressed. The reading 
device carries opposite the ground glass a piece of cork which is slightly 
smaller than the broad blurred image to be observed, and also a cross 
hair opposite the scale. The setting is made in the dark. With this 
instrument one can read closer than 0.1 millimeter on the scale at 6 
meters from a radiometer mirror 1 millimeter square, giving a light 
spot as large as the finger nail. 

A more complete description of this instrument will appear in 
Contributions of the Mount Wilson Observatory within a few months. 


104. PAINTING OF A NORMAL SOLAR SPECTRUM 


Charles Bittinger Fenway Studios, 30 Ipswich St., Boston, Mass. 
An attempt to make a “portrait” of the spectrum, paying due at- 
tention to “value” (brilliance) as well as hue and saturation. 
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105. NEON TUBE ALPHA RAY FLASHER 
T. R. Wilkins and F. B. Friend University of Rochester 


The Neon Tube Alpha Ray Flasher has been devised as an instrument 
for both the qualitative detection of the presence of radioactive radia- 
tions and the quantitative determination of the range and number of 
alpha rays emitted. 

The grid of a three electrode neon grid glow tube is connected to a 
needle which is within a small metal cylinder (the usual Geiger counter). 
A positive potential of approximately 1800 volts is put on the cylinder. 
When an alpha ray enters the cylinder through a small opening in the 
end, ionization of the air in the cylinder takes place—the negative ions 
going to the cylinder and the positive ions to the needle and thence to 
the grid of the Neon tube. The negative charge which accumulates on 
the grid and thus blocks the glow of the tube is in this way dispelled 
and the tube flashes momentarily. The instantaneous nature of the 
flash is controlled by the small condenser with which the tube is shunted. 

The flashes of the tube have been checked against the number of 
scintillations produced on a zinc sulphide screen by the same source 
and the agreement has shown that the tube records the entrance of each 
alpha ray from such sources as could be used in scintillation measure- 
ments. The Neon tube flasher can therefore replace the scintillation 
method and hence it does away with the necessity for long waiting in the 
dark room for the eye to become sensitive to the scintillations. The 
flash of the tube is easily visible in a large room in broad daylight and 
a very inexpensive device thus makes available to the teacher a means of 
illustrating such things as range, penetrating power and the random 
frequency of emission of alpha rays. The spectrum of the Neon tube, 
while distinctly reddish in color, is quite rich in the blue and a photo- 
graphic registration of flashes is easily obtainable. 

The tube used is of commercial form—the Westinghouse Neon 
Grid Glow tube. The Flasher has been more fully described in the 


Journal of the Optical Society of America and Review of Scientific 
Instruments, May, 1928. 





106. CONTINUOUSLY VARIABLE DOUBLE SLIT 


L. E. Dodd and G. H. Jung University of California at Los Angeles 

For measuring small angular diameters of light sources (order of 
10 secs. of arc), and to demonstrate optical phenomena in Michelson 
stellar interferometer (as used at Mt. Wilson Observatory). Dimensions 
of present instrument 336} X# inches thick. For adaptation to 
telescope with objective about 2$ inch diameter. Novel feature is use 
of window roller shade principle to prevent light from passing through 
between individual slit units, over their whole range of separation, and 
also the use, as material for this shade, of black paper rather than 
focal plane shutter cloth, which is thicker and does not permit, when 
employed in this manner, so short a minimum distance between slits. 
In frame of instrument are mounted two sheet brass slides, each about 
24 <2} inches, having near inner edge of each a rectangular opening 
4 cm long X6 mm wide, at right angles to direction of motion of slide. 
This opening, together with a movable strip of same material as slide, 
provides the slit aperture, variable in width from 1.5 to 0.5 mm. The 
two slit apertures are moved simultaneously and symmetrically with 
respect to center of instrument by a right-and-left-handed screw. Their 
minimum separation between inner edges is 5 mm, so that with slit 
width of 1 mm, minimum distance center to center is 6 mm. Opaque 
black paper mentioned is mounted on a spring roller like ordinary 
window shade, but without ratchet device. Steel roller, outside diameter 
3.27 mm, and shaft are both made of drill rod. Paper curtain is 0.09 mm 
thick, of kind used for wrapping photographic plates. It is easily re- 
placeable. Maximum outside diameter of completely rolled curtain, 
4.37 mm. Two lengths of mm scale are mounted one on each guide 
strip, so that each scale passes an index line on one of the slides. Results: 
Conditions: angular width of source slit, 13 secs. (1.4 mm slit at 75 ft.); 
widths of double slit about 1 mm; first order disappearance of inter- 
ference fringes; average of four separate measurements; students 
observing. Error of first observer, 0.1%; of second observer, 0.6%. 
(Error increases with decreasing source slit width and is higher for 
second order disappearance, but this is inherent in the experiment, not 
in the particular design.) 

A more complete description of this instrument has appeared in the 
Journal of the Optical Society of America and Review of Scientific 
Instruments, 15, (No. 3), pp. 181-3, September, 1927. 








107. SLIT-LAMP MAGNIFYING HAND OPHTHALMOSCOPE 


Jonas S. Friedenwald, M. D. Johns Hopkins University 
Dept. of Ophthalmolog, 

The image of the eye ground as seen with previous instruments is 
blurred by the optical imperfections of the observed eye. In the present 
instrument the definition of the image is improved by the following 
means: 1. The chromatic aberration of the eye is compensated for by 
a flint-crown doublet placed in the observing system. 2. The spherical 
aberration of the observing system is overcorrected in order to com- 
pensate for the spherical aberration of the observed eye. 3. The residual 
chromatic aberration and the chromatic variation of the spherical 
aberration are still further reduced by placing color filters of narrow 
spectral range in the illuminating beam. 4. The illuminating system may 
be so arranged as to consist of a narrow beam, the axis of which is slightly 
oblique to the axis of observation, throwing the image of a narrow slit 
upon the retina and thus revealing localized elevations and depressions 
in the eye ground. 

By these means the image of the eye ground is sufficiently sharpened 
to allow for its magnification. This is obtained by the aid of a small 
telescope in the observing system. 

A more complete description of this instrument has appeared in Johns 
Hopkins Hospital Bulletin, 40, No. 4, pp. 201-202; April, 1927. Further 


details will appear in Transactions American Ophthalmological Society, 
1928. 


108. THE A-B-C VISION TEST 


Dr. Walter R. Miles, Psychologist Stanford University, California 

This test is to reveal the ocular dominance of children and adults 
examined individually. The V-Scope which is a collapsed truncated 
cone is held by the patient, with the wide end near the face. It is pressed 
open between the two hands, thus guaranteeing a nearly symmetrical 
presentation to the face. The small opening of the V-Scope being much 
narrower in diameter than the interpupillary distance of the eyes, it 
is obviously impossible to see a distant object binocularly. When the 
patient’s attention is centered on seeing some relatively small object 
that is 14 feet or more beyond the further end of the V-Scope, he looks 
through this instrument intently with both eyes open, not realizing that 
only one eye is actually seeing the target-object. It is fourd by repeated 
trials with different objects and different distances that a giveh person 
tends always to use the same eye and this unconsciously. In the act of 
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seeing through the V-Scope he is therefore revealing his ocular domi- 
nance, which is an important fact to be taken into consideration by 
anyone who is examining his eyes and undertaking to prescribe for them. 


109. THEODOLITE 
United States Coast and Geodetic Survey Washington 

Designed and built by the U. S. Coast and Geodetic Survey. 

‘Ised to measure the angles of the triangles of a first order trigono- 
metric survey. Measures angles directly to one second of arc. Novel 
features of design are: 

(a). Temperature compensated vertical axis so designed that 
little or no change in fit or friction occurs with considerable variation 
in temperature. 

(b). Illuminated micrometer drum for night observation. 

(c). Ball bearing alidade clamp. 

(d). Non-rotary alidade slow motion tangent screw. 

(e). Sighting device for bringing signal into the field of view of the 
telescope (for night observation.) 


(f). Perforation of vertical axis so that an outside source of electric 
current may be used, 


110. GEODETIC LEVEL 

United States Coast and Geodetic Survey Washington 

Designed and built by the U. S. Coast and Geodetic Survey; is 
designed principally for rapid and accurate work under conditions where 
an unusually rugged and stable instrument is needed. A self-reading 
rod having its graduations on a strip of invar is used with this level. 
The accuracy of leveling with this outfit is such that a correction of 
only 0.1 mil'imeter per kilometer is usually required to close the circuit. 


111. WILD FIRST ORDER THEODOLITE 

United States Coast and Geodetic Survey Washington 

Made in Switzerland; reads directly to one second of arc; embodies 
an ingenious optical system by which both sides of the graduated circle 
may be observed in an auxiliary telescope mounted on the telescope 
proper. An optical micrometer is also provided. By the simple switch- 
ing of a single.prism the vertical circle may be read in the same telescope. 
The same optical vernier is used for both vertical and horizontal 
circles. 
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112. PORTABLE STEREOSCOPE FOR USE ON PLANE TABLE 
The Surveyor General Ottawa, Canada 

Topographical Survey of Canada 

The instrument is necessarily as light and simple as possible to permit 
its use in the field but it can also be used in the office, clamped to the 
side of a desk. 

A pair of overlapping stereoscopic views are first laid on the table, 
the overlap portion of one being superimposed on the other, with the 
line joining the optical centres roughly parallel to the front of the table. 
This line may be actually drawn on the photographs to assist the ob- 
server. The prints are then separated laterally. 

Assuming the stereoscope to be clamped to the right side of the 
board, the left print is observed directly by the left eye. The right 
print is attached to the vertical board by pins or rubber bands, where 
it is viewed through a prism and mirror, thereby giving a virtual image 
in the plane of the table and in correct relationship to the left print. 


The usual stereoscopic impression is thus quickly obtained by a 
trained observer. 


113. NAVIGATING SIGHT FOR AEROPLANES ENGAGED 
ON PHOTOGRAPHIC SURVEYING 
The Surveyor General Ottawa, Canada 

Topographical Survey of Canada 

The instrument is fitted with a ball and socket device for quick 
levelling and footscrews for final levelling. It is also designed so that it 
can be quickly unclamped and changed from one side of the aeroplane 
to the other. 

A rubber eyeshield is held in place by an arm so that, with the eye 
in position for viewing, the distance from it to the graticule is 10 inches. 
The graticule is supported on a vertical post, slotted to permit vision 
through it. The line of sight is indicated by the vertical vane at the 
end of the slotted horizontal arm, normal to the plane of the graticule 
on the side away from the observer’s eye. The eye, the point of in- 
tersection of the two inclined wires and the cross wire near the top of 
the vane, are collinear, and define a horizontal sighting line, when the 
instrument is levelled in position. 

When this line is depressed in the vertical plane by rotation about the 
observer’s eye, so as to intercept the apparent horizon from the usual 
photographic altitude of 10,000 feet, the point where it pierces the 
plane of the graticule is indicated by the intersection of the upper hori- 





zontal wire with the slot in the vertical support. This horizontal wire 
should appear at all times tangential to the apparent horizon. 

Further horizontal wires are fixed in the graticule to define, by their 
intersection with the slot in the vertical post, points on the ground 
horizontally distant from the point vertically below the aeroplane 
by amounts corresponding to 8, 7, 6, 5, 4, 3, and 2.5 times the altitude 
of the plane above the ground. 

As vertical photographs are usually taken by flying equally spaced 
parallel courses, giving the required side overlap, it is necessary when 
flying one line to identify features appearing on the adjacent projected 
line of flight, to serve as guides for this flight. For this purpose two 
inclined wires are inserted in the graticule, and can be adjusted by rota- 
tion about the horizontal line of sight, to permit of overlaps correspond- 
ing to 35, 40, 50, and 60 per cent. 

When flying the slotted post is first made vertical and the sight is 
then rotated about it until objects on the ground appear to travel along 
the slot in the horizontal arm. This permits the course to be corrected, 
if in error, by the aid of the angular graduations on the base. 

In flying over unexplored country the graticule lines serve as guides 
for sketching purposes. 


114. SMALL QUARTZ MERCURY LAMP 


L. H. Dawson and E. O. Hulburt Bellevue, Anacostia, D. C. 
Naval Research Laboratory, Navy Department 


A small high intensity atmospheric pressure quartz mercury arc 
with automatic starting adjustment. 


115. A NEW SENSITIVE COLORIMETER 


(Miss) Dorothy Nickerson Bureau of Agricultural Economics 

The colorimeter that is exhibited has been devised for measuring the 
color of various agricultural products, as that of cotton and hay. 

The method allows the use of color standards that are closely related 
to the color of the measured article, thus giving increased sensitiveness 
in readings; it provides for an adequate surface of the sample color 
to be exposed, thus giving an opportunity for measuring a truly repre- 
sentative area of color, especially when the color is that of an uneven 
or spotted surface; and it provides that the colors in any sample are so 
out of focus that they are integrated and present an average color for 
measurement. Lighting is simplified by having overlapping light from 
two lamps illuminate both the sample and standard. 
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Photographs will show the first set-up for employing this method. 
Two improved colorimeters, one of which will be exhibited, have been 
built for the Bureau of Agricultural Economics by Keuffel & Esser Co. 
They employ the spinning prism described by Keuffel before the October 
1925 meeting of the Optical Society as a part of his trichromatic additive 
colorimeter. 

With this colorimeter discs of Munsell papers are employed (although 
any other standard colors could be used). All readings are translated 
into terms of hue, brilliance, and chroma by use of the Munsell notation. 
This allows not only standardization of color but also allows a study of 
the color changes and characteristics of the product being measured. 

A more complete description of this instrument and method will 
appear in a technical bulletin of the Bureau of Agricultural Economics. 
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HE following twelve exhibits have been generously loaned 

from their permanent exhibition by, the U. S. Army 
Medical Museum. They form a small part of a collection of 
several hundred original and replica microscopes and accessor- 
ies which illustrate the entire history of the development of 
the Microscope. 

This collection is located in the Army Medical Museum at 


7th and B Street, S.W., and is open to the public from 9:00 to 
4:30 on week days only. A 7th Street Wharves car of the 
Capital Traction Co. which may be taken at the entrance to the 
Bureau of Standards or downtown at any point on 7th Street 
_ passes by the museum. 





201. NOBERT’S RULING ENGINE (1845) 

U. S. Army Medical Museum Washington, D. C. 

This is the original ruling engine devised by the late Herr H. E. 
Nobert and was used by him for making microscopic rulings. With it 
he succeeded in ruling perfectly distinct lines 1/123873 inch apart. 
Nobert ruled finer lines than could be resolved until 1869 when Dr. J. J. 
Woodward, of the U. S. Army Medical Museum, photographed the 
nineteenth band of a Nobert plate which contained lines 1/112612 
inch apart with Powell and Lealand’s 1/16 inch water immersion ob- 
jective. Immediately thereafter Nobert succeeded in ruling lines 
1/225224 inch apart. 

202. GIUSEPPE CAMPANI COMPOUND MICROSCOPE 
(BEFORE 1665) 

U. S. Army Medical Museum Washington, D. C. 

This microscope was intended for examining transparent objects 
by holding it to the light. It shows the introduction of screw focusing. 
The eyepiece has no field lens and for this reason the microscope is 
supposed to have been built earlier than 1665. 


203. (REPLICA) ROBERT HOOKE COMPOUND 


MICROSCOPE (1665) 
U. S. Army Medical Museum Washington, D. C. 
Hooke was the first to use a field lens in the eyepiece. In illuminating 
the specimen he recognized the advantage of diffused over direct sun- 
light. It is said that Hooke built this compound microscope because 
no existing instrument of this type gave as good performance as the 
simple microscope of Leeuwenhoek. 


204. SIMPLE MICROSCOPE (REPLICA) OF ANTONIUS 
VAN LEEUWENHOEK (1673) 
U. S. Army Medical Museum Washington, D. C. 
This simple microscope consists of a single biconvex lens. Such 
microscopes were made to magnify as high as 160 diameters. As late 
as 1709 the construction was kept secret by Leeuwenhoek. 


205. EARLY 18th CENTURY COMPOUND 
MICROSCOPE (BEFORE 1740) 
U. S. Army Medical Museum Washington, D. C. 
The frame of this microscope is entirely of wood, in accordance with 
early practice. The instrument is provided with a draw tube. 
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206. VARIABLE MICROSCOPE (1771) 
U. S. Army Medical Museum Washington, D. C. 
Made by George Adams of London. Each objective is provided with 
its own body tubes, and different magnifications are obtained by chang - 
ing body tubes. 
207. COMPOUND MICROSCOPE MADE BY PETER DOLLAND, 
LONDON, ENGLAND, (BEFORE 1830) 
U. S. Army Medical Museum Washington, D. C. 
The eyepiece consists of an eye lens and field lens, and between them 


is a diaphragm which can be moved vertically. The mechanical stage 
is provided with a micrometer. 


208. BINOCULAR MICROSCOPE (1852) 
U. S. Army Medical Museum Washington, D. C. 
This is the earliest binocular microscope made in the United States. 
It was manufactured by Grunow Bros., New Haven, Connecticut, 
for Dr. John L. Riddell of the University of Louisiana. This binocular 
microscope resembles present day binocular microscopes much more 
closely than did any of its contemporary instruments. 


209. POWELL AND LEALAND’S LARGE COMPOUND 
MICROSCOPE (BEFORE 1871) 
U. S. Army Medical Museum Washington, D. C. 
Manufactured by Powell and Lealand, London, England. 


210. ZENTMAYER COMPOUND MICROSCOPE (BEFORE 
1876, ABOUT 1864) 

U. S. Army Medical Museum Washington, D. C. 

This was the so-called Grand American Microscope, made by Jos. 
Zentmayer, Philadelphia. Interesting features of contruction are the 
broad, tripod base; revolving graduated platform; rack and pinion 
coarse adjustment; graduated mechanical stage; and mirror mounted 
on swinging arm. 

211. BAUSCH AND LOMB UNIVERSAL MICROSCOPE 
(BEFORE 1885) 

U. S. Army Medical Museum Washington, D. C. 

An early model of American manufacture. The equipment includes 
an early type of revolving nose-piece. 


212. VAN HEUREK’S COMPOUND MICROSCOPE (1903) 
U. S. Army Medical Museum Washington, D. C. 
Grand Model assembled by W. Watson and Son, London. This in- 
strument, although of comparatively recent date, is included in this 


exhibit since it represents the finest and most nearly perfect equipment 
of its time. 
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HE object of this exhibition is to illustrate by rare and 

important books and portrait-prints, the progress, and 
those who have contributed to the advancement of the science 
of optics. The science of optics is considered as old as the 
general field of physics, and therefore those who have con- 
tributed most to the development of optics have also been 
pioneers in the general field of physics. 


301. THE EARLIER BOOKS ON OPTICS 
Smithsonian Division, Library of Congress Washington, D. C. 

F. E. Brasch 

The work of Euclid, Ptolemy, and Archimedes may be considered 
fundamental in experimental optics, but since no original treatise or 
manuscript is available, there will be exhibited such commentaries and 
reprints as suitable substitutes. From the period of the Arabian in- 
fluence in the sciences, beginning with the eleventh century, the work 
of Al Hazen who wrote a treatise on optics, each of the following cen- 
turies will be represented by some material evidence. 

The exhibit will have, however, more of the original works of the 
experimenters of the early seventeenth and eighteenth centuries, 
namely Maurolykus, Newton, Huygens, Galileo, Kepler, and finally 
the more important contemporaries. 


302. MODERN BOOKS ON OPTICS 


Smithsonian Division, Library of Congress Washington, D. C. 
F. E. Brasch 
Bureau of Standards Library A. Fanti 


It is hoped that every phase of the science of optics can be represented 
by some printed illustrative material. Books on Theoretical and Applied 
Optics, Geometrical and Physical Optics and the outstanding works in 
Physiological Optics, also works on the telescope, microscope, photog- 
raphy, spectrum analysis, and optical instruments in general. And not 
the least of all, books on laboratory instruction and “Handbuchs.” 

Whenever it is possible, each book represented will be accompanied 
by a portrait print or an autographed letter of the author thus giving 
a more personal touch to each item shown. The committee hopes that 
this exhibit will convey some logical and categorical historical develop- 
ment of the science of optics, especially to those interested in the 


antecedents of their science. 
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HE exhibits of the Bureau of Standards have not been as- 

sembled with the exhibits from without the Bureau but 
have been left in place in order that the visitor may have the 
opportunity of visiting the laboratories as well as viewing the 
instruments. 

Instruments and apparatus thought to be of most interest 
to the Optical Society are listed in the following pages. 

Members of the Bureau staff will be glad to see their old 
friends and be pleased to make new friends among the visitors. 
One of the most valuable features of a scientific meeting is the 
opportunity it affords for informal chats about current work. 

In so far as practicable, members of the Bureau will be 
glad to receive visitors in their laboratories during the days of 
the meeting, particularly from 1:30 to 2:30 on Thursday and 
Saturday, and from 1:30 to 3:20 on Friday. However, since 
the sessions of the Optical Society occupy most of the time 
on Thursday, Friday and Saturday, it is suggested that visitors 
having a pronounced professional interest in the work make 
their visits to the laboratories on Wednesday, October 31, or 
Monday, November 5. 

With the listing of each exhibit the names, addresses, and 
phone numbers of those in charge are given. It will be well to 
make appointments in advance when possible. 


401. ANEW SEISMOMETER EQUIPPED FOR ELECTROMAGNETIC 
DAMPING AND ELECTROMAGNETIC AND 
OPTICAL MAGNIFICATION 

Electricity: Resistance 118 East, phone 28 

Mr. Frank Wenner 

The seismometer is of small size, fairly simple construction, and re- 
quires but few adjustments and these are of a type easily made. It 
has a high magnification and improved operating characteristics. 
The apparatus was developed in cooperation with the Carnegie In- 
stitution of Washington and the Coast and Geodetic Survey and 


represents an attempt to get a better instrument for use in the study of 
earthquakes. 
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402. VERTICAL DISTRIBUTION PHOTOMETER 
Electricity: Photometry 
J. West 309 East, phone 32 
This photometer is used for measuring light distribution in vertical 
plane. It is located in Room 315 East Building. 


403. 88-INCH SPHERICAL PHOTOMETER 
Electricity: Photometry 
A. R. Snyder 312 East, phone 63 
This spherical photometer is used for the standardization of incan- 
descent lamps in spherical candles or total lumens, and for the measure- 


ment of luminaires (lighting units). It is located in Room 314 East 
Building. 
404, FLICKER-PHOTOMETER, IVES-KINGSBURY TYPE 
Electricity: Photometry 
R. P. Teele, Jr. 309 East, phone 32 
This photometer is used principally in the study of the properties of 
liquid color filter, measurement of transmission factors of colored 


glasses and screens, and general problems in heterochromatic pho- 
tometry. It is in Room 308 East Building. 


405. PRECISION BAR PHOTOMETER, SCHMIDT & HAENSCH, 
WITH SPECIAL RECORDING EQUIPMENT 


DOUBLE BAR PHOTOMETER FOR TWO INDEPENDENT 
OBSERVERS 

Electricity: Photometry 

E. G. Anderson 312 East, phone 63 
. This photometer is used for standardization and calibration of 
incandescent electric lamps in horizontal candles; for the measurement 
of transmission factors of colored screens and filters by equality of 
brightness method. It is in Room 308 East Building. 


406. PROJECTION LANTERN FOR TEST OF SIEVES 


Weights and Measures: Length 
B. L. Page 209 South, phone 232 
C. D. Shepard 
Mrs. M. M. Gardner 
or other member of Section at same address 


This projection lantern is used for measuring the dimensions of open- 
ings and of wire of sieves. Magnification for a No. 200 sieve is 250. 
Method of counting mesh by “picket-fence” interference (Moire 
effect). 
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407. PRECISION LENGTH COMPARATOR, ETC. 
Weights and Measures: Length 

Lewis V. Judson 209 South, phone 232 

B. L. Page, Mrs. M. M. Gardner, N. D. Hawkins 

The precision longitudinal length comparator, also the transverse 
comparator, the 1 meter circular dividing engine and the circle testing 
apparatus are used in precision length and angle work of the Bureau. 


Note: This equipment is in Room 18 South Bldg. and can not be shown if we find it neces- 
sary to be carrying out observations at the time of the exhibit. 


























408. HAEMACYTOMETER CHAMBER TESTING 
Weights and Measures: Length 

B. L. Page 209 South, phone 232 

Mrs. M. M. Gardner, C. D. Shepard 

For testing the depth of blood counting chambers using specially 
designed interferometer device; also for testing dimensions of the rulings. 


409. METHOD OF TAKING TIME SIGNALS FROM A PENDULUM 
BY USE OF A PHOTO-ELECTRIC CELL 


Weights and Measures: Time 
R. E. Gould and P. D. Kueck 218 South, phone 33 


A pendulum cuts a beam of light which falls on a photoelectric cell, 


causing a relay to give signals which may be recorded on a chronograph. 
The action of the cell is amplified through two radio tubes. 


410. INTERFEROMETER APPARATUS FOR CALIBRATING 
DIAL INDICATORS 

Weights and Measures: Expansivity 
W. Souder, P. Hidnert, N. O. Taylor 108 and 109 South, phone 79 


An interferometer and viewing device by means of which displacement 
is measured in terms of light waves. 


411. INTERFEROMETER APPARATUS FOR MEASURING LENGTH 
CHANGES IN DENTAL AMALGAMS AND 
SIMILAR MATERIALS 
Weights and Measures: Expansivity 
W. Souder and N. O. Taylor 108 South, phone 79 
An interferometer and viewing device for measuring expansion or 
shrinkage in terms of light waves. 
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412. STIGMATICALLY-MOUNTED, CONCAVE 
DIFFRACTION GRATING 

Optics: Spectroscopy 
W. F. Meggers and C. C. Keiss 214 South, phone 84 

Stigmatic images of spectral lines are obtained by mounting the 
slit at the principal focus of a concave mirror so that the latter il- 
luminates the concave grating with parallel light. (Wadsworth mount- 
ing). This type of mounting has several advantages over other methods 
of using concave gratings. The increased aperture ratio and cor- 
rection of astigmatism greatly increases the intensity of the spectral 
image, and permits the use of diaphragms, interferometers, etc., in 
front of the slit. Although it reduces the dispersion it does not affect 
the resolving power of the grating. The apparatus is used for spectro- 
chemical analyses, for the description of arc and spark spectra, for the 
determination of standard wave lengths, and for the investigation of 
Zeeman-effects and hyperfine structures of spectral lines. 


413. APPARATUS FOR STUDYING FLAME PROPAGATION IN A 
CONSTANT PRESSURE BOMB 


Heat and Power: Automotive Power Plants Section 
F. W. Stevens and C. S. Bruce 109 West, phone 96 


The complement of the spherical bomb of constant volume fired 


from the center is a spherical bomb of constant pressure fired likewise 
from the center. 


A soap bubble of convenient size is blown with a gaseous mixture of 
known composition. The spark gap is located approximately at the 
center of the bubble. Behind the bubble is a black screen having a 
narrow, horizontal, translucent slit that can be illuminated so that the 
position of the spark gap relative to the bounding surfaces of the bubble 
at either side of it may be photographed and determined while the 
photographic film is stationary. In front of the bubble is the camera 
focussed upon the spark gap. Behind the camera lens and as close as 
possible to the photographic film is a second screen having a very narrow 
horizontal slit through which the progress of the flame outward from 
the spark gap along the horizontal diameter of the bubble is recorded 
by the camera on a sensitive film attached to a drum which rotates 
about a horizontal axis. The motion of the photographic film during ex- 
posure is determined by imposing on it also the time record of a cali- 
brated tuning fork. 

These photographic time-volume records supply the necessary data 
for the determination of the equilibrium constant of the explosive 
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reaction. It has also been found that the rate of flame propagation 
measured relative to the active gases is proportional to the product of 
the initial concentrations of these gases. 


414. APPARATUS FOR STUDYING FLAME PROPAGATION IN AN 
INTERNAL COMBUSTION ENGINE CYLINDER 
Heat and Power: Automotive Power Plants 


C. F. Marvin, Jr. 107 West, phone 214 
R. D. Best 108 West, phone 215 


The purpose of this apparatus is to permit the flame in an engine 
cylinder to be observed as it spreads from the spark plug throughout 
the combustion chamber. Thirty-one quartz glass windows are sym- 
metrically distributed over the combustion space in a special cylinder 
head. Light from the explosion passes through these windows to a large 
lens mounted just over the head which brings the light to a focus at a 
stroboscope composed of two rotating disks driven by the engine 
crankshaft. Holes drilled in the disks permit a momentary view of the 
windows at the same point in successive cycles. By making observations 
at different points in the cycle the progress of the flame may be charted 
and the effect of operating conditions and various fuels on flame move- 
ment and velocity may be studied. 


415. THE ULTRA-VIOLET ABSORPTION SPECTRA OF ORGANIC 
COMPOUNDS AT LOW TEMPERATURES 

Heat and Power: Cryogenics 

F. G. Brickwedde and Russell B. Scott 22 Low Temp., phone 184 

The absorption spectra are obtained by passing through a quartz 
absorption cell the light from a source with a continuous ultraviolet 
spectrum and focusing it upon the slit of an Hilger E2 quartz spectro- 
graph. As sources of light the under-water spark and the water-cooled 
hydrogen discharge tube are being used. The absorption spectra are 
obtained at low temperatures by mounting the absorption cell in a 
quartz Dewar flask containing liquid oxygen or liquid hydrogen. 

The purpose of the research is to study the forces acting between the 
atoms of molecules in the solid state. 


416. AN INVESTIGATION OF THE VARIATION WITH TEMPER- 
ATURE OF THE INTENSITY OF THE MODIFIED SCAT- 
TERED LIGHT RECENTLY OBSERVED BY RAMAN 


Heat and Power: Cryogenics 
F. G. Brickwedde and M. F. Peters 22 Low Temp., phone 184 


A spectrograph is so arranged and shielded that it receives only the 
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light scattered by the substance investigated at right angles to the 
path of the incident beam of light. A mercury arc, the source of in- 
cident light, is placed close to the substance investigated and along its 
length. If the substance is a liquid it is contained in a vertical cell, and 
the scattered light is reflected into the spectrograph by a right angled 
prism. 
417. PRECISION OPTICAL PYROMETER 

Heat and Power: Pyrometry 

H. T. Wensel 210 West, phone 58 

A telescope with the filament of a small electric lamp in the focal 
plane of the objective. Current through this lamp is adjusted to produce 
a photometric match with the image of the source whose temperature is 
to be found. The lamp has optically flat windows. A red color filter is 
located in the eyepiece so that only a narrow region of the spectrum in 
the red is used. 

418. ZEISS OPTIMETER 

Weights and Measures: Gages 

C. E. Haven and W. J. Darmody 202 Northwest Bidg., phone 153 

An instrument embodying an optical lever system by means of which 
comparative measurementsof length by contacton work and on standard 
can be made to an accuracy of 0.00001 inch. 


419. ZEISS INTERFERENCE COMPARATORS, MICHELSON 
AND KOESTER TYPES 
Weights and Measures: Gages 
Mrs. E. W. Shaw and D. R. Miller 202 Northwest, phone 153 
The interferometers are used in determining lengths of precision 
gage blocks, either by direct measurement in terms of wave lengths of 
light or by comparison with working standards. 


420. PROJECTION LANTERN FOR MEASUREMENT OF THREAD 
ANGLE OF SCREW THREAD GAGES 


Weights and Measures: Gages 
Wilmer Souder 


D. R, Miller and I. H. Fullmer 202 Northwest, phone 153 

The lantern projects a magnified shadow-image or silhouette of the 
gage on a screen, together with such an image of an angular template. 
The edges of thread and template shadows are matched and deviations 
from correct angle are measured by means of a graduated circle mounted 
integral with the projection lens system. 
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421. BATES TYPE SACCHARIMETER 

Optics: Polarimetry 

C. F. Snyder 309 West, phone 204 

This instrument is a double quartz wedge saccharimeter with ad- 
justable sensibility, permitting of its use for sugar products ranging 
from pure sucrose through the various grades to low grade molasses, 
with the maximum sensibility for each of the several grades. The 
polariscope tube is so designed that the weight is carried on two shoul- 
ders, eliminating the possibility of error due to tightening of the caps 
with the subsequent introduction of strain in the cover glasses. The 
ends are enlarged and of equal size, permitting the use of the same size 
cover glasses and caps. This instrument is used exclusively in the 
laboratories of the United States Customs Service for the appraisal 
of imported sugars. 


422. HIGH PRECISION POLARIMETER 

Optics: Polarimetry 

¥. P. Phelps 310 West, phone 7 

This is a large precision polarimeter with extra large and perfect 
polarizing prism and silver scale reading directly to 0°.001 circular. 
It is used for standardizing quartz control plates which are then used 
as working standards in the sugar industry. It is also used for measuring 
rotatory dispersion and in other research where a high degree of 
precision is required. 


423. LARGE CRYSTALS 
Optics: Polarimetry 
F. P. Phelps 308 West, phone 7 
These are large crystals of sugars and other substances, such as 
Rochelle salt, nickel sulphite, sodium nitrate, etc. 


424. POLARISCOPE USED IN CONJUNCTION WITH LARGE 
ELECTRO-MAGNET 


Optics: Polarimetry 
F. P. Phelps 308 West, phone 7 
This is a precision polariscope used for measuring the rotation of 
the plane of polarized light for substances in the magnetic field. It has 
been used in the Bureau’s work on the neutral and magnetic rotation 
of quartz from room temperature to about 1400°C, and the natural 
and magnetic rotation of metallic films. 
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425. AXIAL ANGLE APPARATUS 

Optics: Polarimetry 

F. P. Phelps 308 West, phone 7 

This is an apparatus which, by means of the interference figures in 
polarized light, measures the position of the crystallographic axis or 
axes of crystal solutions. It is used in checking the accuracy of quartz 
control plates and wherever else it is desired to locate with pre- 
cision the direction of the optic axis in crystals. ‘ 


426. LARGE ELECTRO-MAGNET FOR MAGNETO- 
OPTICAL WORK 

Optics: Polarimetry 

F. P. Phelps 308 West, phone 7 

This electro-magnet is designed for the study of the effect of magnet- 
ism upon light and the rotation of the plane of polarized light. The 
magnet is perforated along the axis to allow a beam of light to pass 
parallel to the magnetic lines of force. The magnetizing coils are of 
flat copper spirally wound, oil insulated and water-cooled. The mag- 
net takes 100 amperes at 240 volts and produces a maximum 
field strength of about 50,000 lines of force per sq. cm. The field 
strength is measured by means of a bismuth spiral an exploring test 
coil and ballistic galvanometer, or by the Faraday effect in a substance 
such as glass which may be calibrated and used as a working standard. 


427. SPECIAL APPARATUS FOR STUDY OF COLORIMETRIC 
SENSIBILITIES BY THE METHOD OF RIGHT AND 
WRONG ANSWERS 


Optics: Colorimetry 
Irwin G. Priest, Deane B. Judd, Miss Geraldine K. Walker 400 South, phone 83 
(See J.0.S.A. & R.S.L., 16, p. 117; Feb. 1928; and also Oil and Fat 
Industries, pp. 63-73; March, 1928.) 


428. CALIBRATION OF LOVIBOND GLASSES 
Optics: Colorimetry 
Miss Geraldine K. Walker, Deane B. Judd, K. S. Gibson, Irwin G. Priest 
400 South, phone 83 


429. APPARATUS FOR THE DETERMINATION OF COLOR IN 
TERMS OF DOMINANT WAVE LENGTH, PURITY, AND 
BRIGHTNESS 
Optics: Colorimetry 
Irwin G. Priest, Deane B. Judd, K. S. Gibson 400 South, phone 83 
(See J.0.S.A. & R.S.L., 8, pp. 173-200; Jan., 1924.) 
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430. ROTATARY DISPERSION COLORIMETRIC PHOTOMETER 
Optics: Colorimetry 

Irwin G. Priest, K. S. Gibson, Deane B. Judd 400 South, phone 83 
(See J.0.S.A. & R.S.I., 7, pp. 1175-1209;Dec., 1923.) 


431. EQUIPMENT FOR VISUAL SPECTROPHOTOMETRY 







Optics: Colorimetry 
K. S. Gibson, D. B. Judd, L. G. Priest, Miss Mabel E. Brown 400 South, phone 83 
H. J. McNicholas, 107 Industrial, phone 167 





























The equipment consists of illumination apparatus and accessory 
parts for use with the Koenig-Martens spectrophotometer in the 
measurement of the following quantities as functions of wave length: 

(1) The unidirectional transmission for light incident in a direction 
perpendicular to the surface of an optically homogeneous (non-diffusing) 
material in the form of a plate with plane parallel surfaces. 

(2) The brightness of a sample by reflected light, relative to the same 
for a standard material, when both sample and standard are observed 
in directions approximately perpendicular to their surfaces, and are 
both under equal, and completely diffused, illumination. 

The sources for transmission work are gas-filled incandescent lamps, 
helium lamps, and a quartz mercury-vapor lamp. Each type of lamp is 
contained in a separate specially designed white-lined inclosure, light 
for the spectrophotometer being taken from the white interior wall of 
any one of the inclosures, as desired. 

A uniform distribution of 156 small gas-filled incandescent lamps 
over the concave surface of a white-lined reflecting hemisphere provides 
a source of completely diffused illumination for reflection measurements. 

Accessory equipment includes ventilation and cooling apparatus, 
convenient arrangements for the handling of the transmission and 
reflection samples, a set of standard sectored disks of known transmis- 
sion (by mechanical calibration) for use with the spectrophotometer, and 
apparatus for temperature control of transmission samples. 


432. APPARATUS FOR THE MEASUREMENT OF THE REFLEC- 
TIVE AND TRANSMISSIVE PROPERTIES OF 
DIFFUSING MEDIA 





ics: Colorimetry 
H. J. McNicholas 107 Industrial, phone 167 
K. S. Gibson, D. B. Judd, L. G. Priest 400 South, phone 83 


The equipment is designed for the measurement of the reflective 
and transmissive properties of diffusing media under definite and con- 
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trolled conditions of illumination and observation. The intensity and 
state of polarization of various incident, reflected and transmitted 
beams of light are measured as functions of direction and wave length 
composition. 

Two separate illumination units are provided, one for unidirectional 
and the other for completely diffused illuminaton of the sample. The 
photometric equipment is stationary. To realize the various desired 
directions of incidence and observation with the unidirectional illum- 
ination unit, the sample and source may each be differently orientated 
with respect to the fixed direction of observation. The source for com- 
pletely diffused illumination is also constructed so that the sample 
may be observed in various directions from the normal to its surface. 

The equipment is applicable to the study of various problems. Of 
these may be mentioned (1) the measurement of color and glossiness, 
(2) the grading of photographic materials, (3) the establishment of 
standards of reflection and transmission, (4) the covering power and 
tinting strength of paints and pigments, and (5) the optical properties 
of turbid media (dispersed systems) in their relation to the structure of 
such media. 


433. APPARATUS FOR DEMONSTRATING FLUORESCENCE— 
EXAMINATION OF REFINED AND UNREFINED 


OLIVE OIL 
Optics: Colorimetry 
K. S. Gibson 400 South, phone 83 


Energy from an enclosed quartz-mercury arc is filtered through 
plate glass and through Corning 986A glass. This furnishes intense 
but harmless ultraviolet energy with but a trace of visible (purplish) 
energy, and affords a very suitable means of examining fluorescent 
materials. 

Refined and unrefined edible olive oils are similar in color and the 
admixture of refined in unrefined oil is hard to detect. It is claimed that 
much of the oil imported from Europe and labeled virgin is in reality 
adulterated with refined oil. Samples of alleged virgin and refined 
European oils show strikingly different fluorescence, yellowish and 
bluish, respectively, and this method of testing is apparently being used 
in France at the present time. The general reliability of the fluorescence 
test may, however, be questioned in view of the fluorescence exhibited 
by certain California olive oils. 

The fluorescence of olive oils and other materials will be demonstrated. 
(B. S. Tech. News Bull., No. 127, Nov., 1927.) 
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434. APPARATUS FOR PHOTOELECTRIC AND THERMO- 
ELECTRIC MEASUREMENT OF SPECTRAL 
TRANSMISSION 


ics: Colorimetry 
K. S. Gibson and Miss Mabel E. Brown 400 South, phone 83 


Photoelectric Method. 

A collimated beam of radiant energy from an incandescent lamp, 
after passing through a Brodhun variable sector and through the sample 
whose transmission is being measured, is brought to a focus on the slit 
of a constant deviation spectrometer. Energy of any desired wave 
length, leaving the second slit of the spectrometer, is incident directly 
upon the photoelectric cell, which is connected in series with a battery 
and high-sensitivity galvanometer. 

At any wave length, with the Brodhun sector set at 100.0, the galva- 
nometer reading is noted. The sample is then removed from the beam 
and the Brodhun sector reading reduced until the galvanometer de- 
flection is the same as before. This sector reading gives the percent 
transmission of the sample. Range, 390 to about 600 millimicrons. 
(J.0.S.A. & R.S.L., 9, pp. 693-704; 1925.) 


Thermoelectric Method. 

The photoelectric cell may be replaced by a thermopile carried on the 
same support and likewise connected to a high-sensitivity galvano- 
meter. The same direct-reading method may be used as with the photo- 
electric cell. It is usually preferable, however, because of the increased 
sensitivity, to remove the Brodhun sector from the beam and compute 
the transmission by the ratio-of-deflections method. Range, about 
550 to 2000 millimicrons. 


435. APPARATUS FOR THE DETERMINATION OF THE 
VISIBILITY OF ENERGY AND THE FUNDAMENTAL 
SCALES OF VISUAL PSYCHOPHYSICS 


ics: Colorimetry 

K. S. Gibson and I. G. Priest 400 South, phone 83 

This apparatus provides for the determination of: 

(1) The visibility of radiant energy by the flicker method and by 
the step-by-step and other equality-of-brightness methods. 

(2) The least perceptible difference in brightness as a function of 
brightness, wave length, field size, and other incidental variables. 

(3) The least perceptible difference in wave length which can not be 
eliminated by adjustment of purity or brightness, as a function of 
wave length, purity, brightness, etc. 
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An outstanding feature of the apparatus is the provision for determin- 
ing visibility by the various methods with the same apparatus. A much 
more direct comparison of methods is thus possible, as no measure- 
ments of energy are involved in such comparisons. 

The essential features of the apparatus have been briefly noted in 
previous publications. (J.0.S.A. & R.S.I., 7, pp. 99-100; 1923; and 14, 
p. 136; 1927.) 


436. APPARATUS FOR PHOTOGRAPHIC MEASUREMENT 
OF SPECTRAL TRANSMISSION 
Optics: Colorimetry 

K. S. Gibson 400 South, phone 83 

This apparatus is used for spectral transmissive measurements, 
principally in the ultraviolet but extending also into the violet and blue. 
It has particular application in the study of glasses designed especially 
for the transmission or the absorption of the ultraviolet and in in- 
vestigations of the structure and absorbing properties of dyes and other 
materials. 

The apparatus consists of: 

(1) Source of radiant energy. This is a high-frequency high-voltage 
(Tesla coil) spark discharge under distilled water. Its spectrum is 
perfectly continuous throughout the ultraviolet and most of the visible. 

(2) Hilger sector photometer. Two beams from the underwater spark 
pass through the photometer, one undergoing absorption in the material 
being studied, the other being reduced by the relative apertures of the 
rotating sectors in the two beams. 

(3) Quartz spectrograph. This carries the photographic plate. 

A series of exposures are takenon each plate, the sector being adjusted 
for each exposure to the desired value. In each exposure a pair of 
juxtaposed spectra are obtained, and at those wave lengths where the 
densities of the two spectra are identical the transmission of the material 
is given by the sector reading. (B.S. Sci. Pap. No. 440, pp. 128-134; 
1922.) 

437. PRECISION LENS TESTING BENCH 
Optics: Optical Instruments 

A. H. Bennett 407 East, phone 103 

This apparatus is used for determining the focal lengths, separation 
of nodal points, axial and lateral chromatic aberration, curvature of 
field, astigmatism, and distortion of lens systems. It is applied chiefly 
in measuring the optical characteristics of photographic lenses for 
aerial mapping. The apparatus consists of: 
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1. A collimator for producing a beam of parallel light, 
2. The nodal slide upon which the lens is mounted and manipulated, 


3. The travelling microscope for observing and measuring the image, 
4. The bench bed. 


438. EQUIPMENT FOR TESTING REFRACTOMETERS 
Optics: Optical Instruments 
L. W. Tilton 407 East, phone 103 
Commercial refractometers of various types, including the Pulfrich, 
the Abbe, and the Immersion, are tested by means of a series of carefully 
measured standard samples (both liquid and solid) having wide range 
of index and dispersion. 

Water, the jacketing fluid, is maintained at any desired temperature 
between 5 and 70°C by means of a thermoregulator governing heating 
elements in a mixing chamber which is also connected with cooling 
coils. A motor-driven rotary pump produces the required circulation in 
the water jacket. Suitable hose connections are provided so that the 
performance of two or more refractometers may be compared either in 
series or in parallel. 

A special type of temperature control tank is used for the immersion 
refractometer, thermometers being inserted in the entrant and also 
in the emergent tubes leading to water jacket. 

‘Instruments are tested and calibrated for the general public and for 
the manufacturers, for colleges and state institutions, and also at the 
request of various departments of the federal government. 

































439. HIGH PRECISION SPECTROMETER 
(SOCIETE GENEVOISE) 


CONSTANT TEMPERATURE PRISM HOUSING 
Optics: Optical Instruments 

L. W. Tilton 407 East, phone 103 

This instrument is of the minimum deviation type. It has a circle 
of 308 millimeters diameter, graduated to 5 minute intervals, which is 
read by 4 micrometer microscopes reading directly to seconds. The 
telescopes have a clear aperture of 47 millimeters and are fitted with 
objectives of 405 millimeters focal length. 

A water-jacketed prism housing with adjustable windows, designed 
and constructed at the Bureau of Standards, provides for suitable 
temperature control during refractive index measurements on media 
having high temperature coefficients. 
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For work on liquids, a water-jacketed hollow prism is placed in the 
air bath within the prism housing and temperatures are read by a re- 
sistance thermometer whose sensitive element is immersed in the liquid 
during all observations. 

By means of this apparatus absolute measurements of refractive 
indices of transparent solids and liquids have been extended to the sixth 
decimal place in order to establish with ample accuracy the optical 
constants of standard samples for use in the testing and calibration of 
refractometers reading to the fifth decimal place. This equipment is also 
used in investigations concerning index density relationships, the homo- 
geneity of optical media, and the effect of heat treatment and other 
processing on the index and dispersion of optical glasses. 


440. THE OPTICAL SHOP 

Optics: Optical Instruments 

E. F. Webb and E. L. Robinson 336 Industrial, phone 121 

This Bureau maintains an optical shop for the construction of optical 
components which are required for experimental work and which cannot 
be readily obtained commercially. Here one can see the grinding and 
polishing of optical parts in progress, machinery for centering lenses, a 
diamond saw for cutting quartz, a special spherometer for the shop con- 
trol of curvature, an optical flat, and surfaces of standard curvature for 
the routine working tests of surfaces while being ground and polished. 


441. THE OPTICAL DEPTH GAGE 

Optics: Optical Instruments 

I. C. Gardner and F. A. Case 407 East, phone 103 

This instrument is exhibited on a simple mount which enables the 
observer to readily note the degree of precision with which measure- 
ments of displacement in the line of sight can be made. For a brief 
description of the instrument see abstract in this program of paper “An 
optical depth gage.” 


442. A SET OF ABERRATION MODELS 
Optics: Optical Instruments 
I. C. Gardner and F. A. Case 407 East, phone 103 
A set of models showing the ray paths for 
1. A perfect image, 
2. Longitudinal chromatic aberration, 
3. Lateral chromatic aberration, 
4. Spherical aberration, 
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5. Coma, 
6 Astigmatism. 


The rays are represented by threads strung on frames and the charac- 
teristics of the different aberrations are clearly shown. 


443. MODELS FOR STAR DISCS 
Optics: Optical Instruments 
A. H. Bennett 407 East, phone 103 

The image of a “point” source of light consists of a diffraction pattern. 
The distributions of intensity of such patterns in the presence of various 
amounts of aberration in the lens system are illustrated by means of 
rotating sectors. The models show that aberration reduces the intensity 
at the center of the pattern and that the surrounding rings are corre- 
spondingly brighter. The cases represented are as follows: 

1. Diffraction pattern for a perfect image. 

2. Diffraction pattern in the presence of 1/8 wave length aberration. 

3. Diffraction pattern in the presence of 1/4 wave length aberration 
(Rayleigh limit). 

4. Diffraction pattern in the presence of 1/2 wave length aberration 
with image plane displaced from paraxial focus in the direction toward 
the caustic. 

5. Diffraction pattern in the presence of 1/2 wave length aberration 
with image plane at paraxial focus. 

6. Diffraction pattern in the presence of 1/2 wave length aberration 


with image plane displaced from paraxial focus in the direction from the 
caustic. 


444. AN IMPROVED OPTICAL SYSTEM FOR READING THE 
ANGULAR DEFLECTION OF A MIRROR 
Optics: Optical Instruments 
I. C. Gardner and F. A. Case 407 East, phone 103 
Three plane mirrors are mounted on a vertical spindle which may be 
rotated by the observer. Each is provided with an optical system for 
indicating the rotation by the deflection of a spot of light on a scale. 
The uppermost mirror is provided with the improved system which 
consists of two spaced crown lenses and which gives a deflection pro- 
portional to the angular rotation (a condition demanded when original 
design was requested) and an exceptionally flat field. 
The second mirror is provided with the usual single lens optical 
system and gives a deflection proportional to the tangent of the angle 
of rotation. An easily understood system of lines on the screen shows 
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the relation between the deflections of spot of light given by the two 
systems. The field of the second system is far from flat and the blurred 
image correspondng to a large deflection is in marked contrast to the 
sharp well-defined image given by the first system. The flatness of 
field of the first system is particularly advantageous if the image is 
to be recorded on a photographic plate. In many cases this permits 
one to use a larger angular deflection with a short screen difference and 
thus to secure a sufficient movement of spot of light with a more com- 
pact camera. 

The optical system of the lowermost mirror is identical with that of 
the second. The screen, however, is curved to fit the field and therefore 
illustrates in an interesting manner the extent of the curvature of field. 

For description of this lens system, see J.0.S.A. and R.S.L., 12, p. 259; 
1926. 


445. APPARATUS FOR DETERMINING THE ULTRAVIOLET 
TRANSMISSIONS AND REFLECTIVE PROPER- 
TIES OF MATERIALS 
Optics: Radiometry 
W. W. Coblentz and R. Stair 118 South, phone 71 
The optical apparatus consists of a spectrometer having lenses and 
a prism of quartz, and a right-angle prism of quartz for reflection 


work. The radiometric apparatus consists of a vacuum thermopile 

and a vacuum ironclad galvanometer. The source of radiation is a 

vertical “Uviarc” mercury arc lamp. This apparatus is used for deter- 

mining the ultraviolet transmissive and reflective propertiesof materials. 
It will be found at 118 South Building. 


446. A NONINTERMITTENT SENSITOMETER (TIME-SCALE 
EXPOSURE MACHINE) WITH CLOCK-CONTROLLED 
MOTOR DRIVE 

Optics: Photographic Technology 

R. Davis and H. K. Clark 338 Industrial, phone 18 

This sensitometer is a special instrument designed for both research 
and testing purposes and has, therefore, a more extended exposure 
range than is necessary for testing purposes. It is a sector-wheel 
machine in which the entire exposure takes place during one revolution. 
The sector wheel may be run at a wide range of speeds of from 480 to 
0.0586 rpm. This speed range is covered in steps varying by powers 
of two, and is obtained by means of change gears that connect the 
sector-wheel shaft with either of two other shafts which are driven 
through worms and gears by a constant speed motor at fixed but dif- 
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ferent speeds. A new arrangement of the apertures in the sector whe: 
is used. The principal details of the construction and calibration «; 
the sector wheels are given in Bureau of Standards’ Scientific Paper 511 


447. EXPERIMENTS ON RELATION BETWEEN SPECTRUM IN- 
TENSITY DISTRIBUTION AND ELECTRICAL CONDITIONS 
IN A DISCHARGE. AN OPTICAL PYROMETER 
METHOD ADAPTED TO ULTRAVIOLET 













SPECTROPHOTOMETRY 
Optics: Atomic Physic, Radium, X-Rays 
F. L. Mohler and C. Boeckner 211 West, phone 203 


448. SCATTERING OF LIGHT OF MODIFIED WAVE LENGTH 
Optics: Atomic Physics, Radium, X-Rays 
R. M. Langer 208 West, phone 94 
Various substances are illuminated with very intense mercury 
radiation (including the ultra-violet) and the scattered light is investi- 
gated for wave lengths not emitted by mercury. 


449. HIGH INTENSITY VERY MONOCHROMATIC 
SODIUM SOURCE 
Optics: Atomic Physics, Radium, X-Rays 
R. M. Langer 208 West, phone 94 
A discharge in hydrogen gas in a tube containing metallic sodium 
gives exceedingly intense and yet very pure D lines of sodium. 


450. CAMERA FOR PHOTOGRAPHING ALPHA-RAY TRACKS 
USED IN CONJUNCTION WITH THE WILSON 
EXPANSION CHAMBER 

Optics: Atomic Physics, Radium, X-Rays 
L. F. Curtiss and H. L. Martin 317 East, phone 40 
L. L. Stockman 303 East, phone 112 
The camera is provided with reflecting prisms so that two views may 
be taken simultaneously with a single lens on one piece of film. The 
reflectors are so arranged that these views are taken in virtually -per- 
pendicular directions. 


451. NEON GLOW TUBE AS A DETECTOR FOR 
THE GEIGER ION COUNTER 
Optics: Atomic Physics, Radium, X-Rays 
L. F. Curtiss and L. L. Stockman 317 East, phone 40 
H. L. Martin 305 East, phone 112 
The grid of the neon glow tube is connected to the needle of the 
Geiger counter in such a way that a bright flash is observéd in the 
glow. tube for each ion counted. 
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152. 300000 VOLT CONSTANT POTENTIAL GENERATOR WITH 
X-RAY STANDARDIZATION EQUIPMENT. VARIOUS 
INSTRUMENTS USED FOR THE MEASURE- 

MENT OF X-RAYS 

Optics: Atomic Physics, Radium, X-Rays 

L. S. Taylor, W. W. Nicholas, C. G. Malmberg 313 East, phone 91 

The constant potential generator is the Hull type using a capacity 
inductance filter. It is run from a synchronous motor generator set 
and has less than 1/2% ripple in the voltage. The X-ray tube is en- 
closed in a movable lead shield. The measuring instruments are of 
the open air ionization type designed to give absolute measurement of 
the unit. The various measuring instruments shown are those used 
in common practice. 


453. 300000 VOLT X-RAY EQUIPMENT 


Optics: Atomic Physics, Radium, X-Rays 
L. S. Taylor and C. G. Malmberg 302 N.W., phone 116 
300 R. V. Wappler equipment enclosed in a room lined with 1/4”’ 
lead for radiographic and experimental work. 


454. ONE DECIMETER INTERFEROMETRIC RULING ENGINE 
Optics: Interferometry 

C. G. Peters 112 South, phone 76 

This ruling engine is for the purpose of producing line standards up 
to 1 decimeter or four inches, of great accuracy, by means of light 
waves, using the definitions of the inch, centimeter, etc., given by the 
International Conference of Units and Measurements and the laws of 
the United States. Scales so produced are not copies of any other 
material standards. 


455. FUSED QUARTZ STANDARD FLATS 
Optics: Interferometry 
C. G. Peters, Mr. Emerson, Mr. Merritt 112 South, phone 76 
Three 27-cm diameter fused quartz plates, one surface of each of 
which is flat within 0.02d yellow light. Standards of flatness with which 
secondary standards are compared. 


456. BENDING BAR 
Optics: Interferometry 
Mr. Peters, Mr. Emerson, Mr. Merritt 112 South, phone 76 
5-inch solid steel bar with interferometer attached to show the 
amount bar can be bent by the pressure of observer’s finger. Exhibition 
piece. 
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457. (1) KEUFFEL AND ESSER SPECTROPHOTOMETER 
(OLD STYLE) 


(2) MARTENS PHOTOMETER WITH AUXILIARY APPA- 
RATUS FOR SPECTRAL REFLECTION 
MEASUREMENTS 

Chemistry: Miscellaneous Materials 

Wm. D. Appel 302 Chemistry, phone 126 

(1). This is used for spectral transmission measurements of dye 
solutions. 

(2). Used for measuring reflection (spectral) of dyeings and other 
colored materials, studying and recording changes in color during ex- 
posure to light, washing, etc. 


458. PFUND COLOR ANALYSER 
Fibrous and Organic Materials: Paper 
R. E. Lofton 107 Industrial, phone 174 
This instrument is well adapted for measuring small color differences 
of “white” surfaces, since the measurements are based upon multiple 
reflection from the test surface. It is used to measure small differences 
in color between nearly white paper surfaces. 


459. PHOTOMICROGRAPHIC OUTFIT 
Fibrous and Organic Materials: Paper 
R. E. Lofton 107 Industrial, phone 174 
Consists of a source of light (“tungsarc”), condenser system, micro- 
scope, and a camera bellows, all mounted on a movable optical bench. 


The outfit is used to photograph enlarged images of paper and textile 
fibers and other objects. 


460. PROJECTION APPARATUS 

Fibrous and Organic Materials: Paper 

R. E. Lofton 107 Industrial, phone 174 

This apparatus consists of a microscope, a source of light and a 
condenser system. It is fixed to throw an image vertically downward 
onto a horizontal screen. The different units are adjustable and any 
desired magnification on the screen may be had. The outfit is used to 
project images of paper and textile fibers for visual observation or for 
tracing. It is also sometines used for projecting the images of finely 
woven textile fabrics, such as typewriter ribbon, when it is desired to 
count the number of threads per inch, etc. 
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461. INGERSOLL GLARIMETER 


Fibrous and Organic Materials: Paper 

R. E. Lofton 107 Industrial, phone 174 

Consists of a polarization photometer, a light source, and a test- 
specimen holder, all so fixed with respect to each other that the pencil 
of light incident on the test surface and that reflected into the photo- 
meter both make angles of 57 degrees with the normal to the test 
surface. The light regularly reflected from the surface of the test 
specimen is determined as a fraction of the total amount reflected, and 
is taken as a measure of the “gloss” of the specimen. This instru- 
ment is used to determine the gloss of paper, textile, and ceramic 
surfaces. 


462. OPACITY TESTER 

Fibrous and Organic Materials: Paper 

R E. Lofton 107 Industrial, phone 174 

Consists of a photometer and a light chamber in the rear wall of 
which are a standard black and a standard white test surface. The 
sample to be tested is placed simultaneously over each standard sur- 
face, and the ratio of the amount of light reflected by the sample over 
the black surface to that reflected by the sample over the white surface 
is determined by means of the photometer. This instrument is used 
to determine the opacity of printing papers, glassine papers, tracing pa- 
pers and cloth, etc. 


463. METALLURGICAL MICROSCOPES. EXAMINATION OF 
OPAQUE OBJECTS (POLISHED SECTIONS) BY RE- 
FLECTED LIGHT. BAUSCH & LOMB, LEITZ, 

AND ZEISS INSTRUMENTS 


Metallurgy: Metallography 
H. S. Rawdon and S. Epstein 105 Northwest, phone 206 


Study of microstructure of metals and alloys. 


464. MICROTOME 
Metallurgy: Metallography 
H. S. Rawdon 105 Northwest, phone 206 
The microtome which is of very rigid construction is used in the 
surfacing of soft metals, e.g., lead and lead alloys, as a preliminary in 
the microscopic examination of such materials. Ordinary grinding and 
polishing methods cannot be used on such soft metals. 
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465. MULTIPLE X-RAY DIFFRACTION APPARATUS FOR TH: 
POWDER AND PINHOLE METHODS OF X-RAY CRYSTAL 
ANALYSIS. USED IN THE STUDY OF METALS 
AND ALLOYS 

Metallurgy: Metallography 

F. Sillers, Jr. 109 Northwest, phone 85 

This instrument is a commerical type of x-ray diffraction apparatu: 
employing a Coolidge water-cooled x-ray tube operating at 30 00 
volts. It is capable of taking 12 patterns, either of the “pin-hole” o: 
“powder” type, simultaneously. It is used in the determination of the 
crystal types and lattice constants of pure metals and alloys as well as 
for the study of the condition of the crystallites in dense materials. 
Use is also made of the instrument in the identification of phases and 
compounds not subject to other methods of analysis. Work is also 
done by the Portland Cement Association in the study of compounds 
found in Portland cement. (Mr. Brownmiller, Br. 146.) 


466. SELF REGISTERING DENSITOMETER, THERMOELECTRIC 
TYPE, FOR THE MEASUREMENT OF DENSITIES OF 
BANDS IN X-RAY DIFFRACTION PATTERNS 

Metallurgy: Metallography 

F. Sillers, Jr. 109 Northwest, phone 85 

This instrument, built at the Bureau, is intended for the measure- 
ment of the photographic densities of the bands in powder x-ray 
diffraction patterns. It depends upon the principle that light trans- 
mitted through different densities of photographic emulsion affects a 
sensitive thermocouple to different degrees. A curve of this variable 
“opacity” of the pattern is obtained automatically on a moving strip 
of photographic paper synchronized with the x-ray film which moves 
along between the source of light and the thermocouple. Use is made 
of the instrument in the estimation of relative intensities of the bands 
of diffraction patterns in the estimation of the amount of different 
phases in alloys. 


467. THERMAL ANALYSIS EQUIPMENT, COMPRISING ROSEN- 
HAIN FURNACE, VACUUM PUMPS, GALVANOMETER, AND 
OPTICAL SYSTEM, POTENTIOMETER, AND 
RECORDING CHRONOGRAPH 

Metallurgy: Heat Treatment 
Howard C. Cross and Thomas E. Hamill 103 Northwest, phone 208 
The thermal analysis equipment is used to detect thermal trans- 
formations in irons and steels. The specimen on the end of a platinum 
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thermocouple is placed in an evacuated quartz tube and is raised or 
lowered at a uniform rate in the Rosenhain furnace. This furnace is 
heated only at the top and possesses a temperature gradient causing 
a uniform rate of heating or cooling of the specimen. The time required 
for the specmen to heat or cool 2°C. is measured and plotted auto- 
matically by the recording chronograph as the inverse-rate curve. 
This curve is made by plotting the time to heat or cool equal incre- 
ments of temperature change against the actual temperature. This 
heating or cooling rate will change when the material passes through a 
thermal transformation. 


168. EINTHOVEN OR “STRING GALVANOMETER” WITH OPTI- 
CAL EQUIPMENT, AS LANTERN BULB, PHOTOGRAPHIC 
FILM, ETC., TIME DEVICES CONSISTING OF SYN- 
CHRONOUS MOTOR TUNING FORK, SLOTTED 
DISK, ETC., ELECTRIC FURNACE AND 
ROTATING BASE FOR COOLANT 


Metallurgy: Heat Treatment 
T. E. Hamill and H. C. Cross 103 Northwest, phone 208 
H. K. Herschman 104 Northwest, phone 207 


This equipment is used for recording extremely rapid temperature 


changes as those occurring when a piece of steel is quenched. It has 
been used for obtaining center cooling curves when using various 
coolants, sizes and shapes, etc., and determining their respective cool- 
ing velocities. It has also been used for obtaining surface cooling 
curves on various size spheres, etc. 


469. DOLBY OPTICAL LOAD EXTENSION RECORDER 


Metallurgy: Mechanical Metallurgy 
John R. Freeman, Jr. 110 Northwest, phone 85 
The instrument is designed to record photographically the stress- 
strain curve in tensile tests of specimens of metals and alloys. 


470. EWING EXTENSOMETER 


Metallurgy: Mechanical Metallurgy 
John R. Freeman, Jr. 110 Northwest, phone 85 


Used for determining the proportional limit, modulus of elasticity 
of tensile test specimens of metals and alloys. 
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471. PENDULUM STANDARD OF TIME, OPERATED 


PHOTOELECTRICALLY 
Mechanics and Sound: Acoustics 
P. R. Heyl and C. R. Randall 305 Northwest, phone 2.7 


Standard of time for rating tuning forks. Photoelectrically operate: 
and photographically received. 


472. MELTING OPTICAL GLASS 
Clay and Silicate Products: Glass 

A. N. Finn, C. C. Diller, A. H. Lindner 1 Kiln, phone 149 

Optical glass will be melted during the week. During the mornings 
stirring at high temperatures will be in progress. In the early after- 
noon stirring and cooling a pot will be in order. At 3:00 pm+1/2 hr. 
pot will be removed from the furnace and at 4:00 pm+1/2 hr. a new 
melt will be started. 


473. INTERFEROMETER (FIZEAU AND PULFRICH METHOD) 
Clay and Silicate Products: Refractories and Whiteware 

L. E. Mong 244 Industrial, phone 147 

An apparatus for measuring with great accuracy thermal expansion 
of ceramic materials by an interference method. The samples in the 
form of tripods or small pins 0.5 to 10.0 mm in length, are placed 
between two fused quartz plates and heated in an electric furnace. 
The elongation of the sample is determined from the number of inter- 
ference fringes that pass a reference mark on the upper quartz plate. 
The use of this method is especially applicable in case only small speci- 


mens are available, as for instance chips of glaze from porcelain or 
terra cotta. 























474. ROTARY VISCOMETER AND POLARISCOPE 
Clay and Silicate Products: Glass 

W. H. Wadleigh 25 Industrial, phone 149 

The viscometer is so constructed that the force required to turn a 
rod in molten glass at a definite temperature can be determined and 
from this and the speed of rotation the viscosity of glass at that tem- 
perature iscomputed. These data are useful in making glass because it 
will help to determine melting temperatures and rate of stirring during 
cooling. Also it is thought it will assist in eliminating seeds and striae. 

The polariscope is used for examing optical glass for strain or quality 
of annealing. All molded glass is tested before use and in general it 
must not show a retardation greater than 10u/cm. 
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475. (a) PETROGRAPHIC (POLARIZING) MICROSCOPES 
(b) BINOCULAR MICROSCOPE 
(c) MONOCHROMATOR 
(d) PULFRICH CRYSTAL REFRACTOMETER 
(lay and Silicate Products: Glass-Petrography 
H. Insley and F. W. Ashton 270 Industrial, phone 146 
Used in studying changes in crystal structure of clay and allied sub- 
stances during firing incidental to burning ceramic bodies, cement, 
etc., and for identifying crystal inclusions in glass, etc. 


176. TUCKERMAN OPTICAL LEVER SYSTEM APPLIED TO THE 
TUCKERMAN OPTICAL STRAIN GAGE 
Mechanics and Sound: Engineering Mechanics 
L. B. Tuckerman and C. S. Aitchison 241 Industrial, phone 122 
The Tuckerman optical lever system consists of an auto-collimator 
used with a combination of a triple and double mirror system embodied 
in a special roof prism. By this combination the readings are made 
practically independent of the relative position of mirror and tele- 
scope. By the use of this system the optical lever system can be applied 
to many problems in which the difficulty of maintaining the relative 


position of telescope or lamp and scale formerly rendered its use 
difficult or impossible. Its principle application at the Bureau is in 
the Tuckerman optical strain gage which measures deformations con- 
veniently to 2 millionths of an inch. 


477. MOUNTING JIG FOR TUCKERMAN OPTICAL 
STRAIN GAGE 
Mechanics and Sound: Engineering Mechanics 
L. B. Tuckerman and C. S. Aitchison 241 Industrial, phone 122 
To ensure freedom from cosine error in the Tuckerman optical lever 
system it is necessary that the roof edge be perpendicular to the axis 
of rotation. In general use this adjustment is readily made by adjust- 
ing devices but in the optical strain gage it is desirable to have as few 
adjustments as possible. For this reason the mounting jig was devised. 
With it the prism is adjusted to the right position and held while the 
plaster of paris mounting sets and holds the prism permanently in 
correct adjustment. A combination of special prisms enables a ready 
check on the accuracy of the mounting to be made at any time. 
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478. CYLINDRICAL CONDENSER BY WHICH ROSA AND 
DORSEY DETERMINED THE VELOCITY OF 
LIGHT IN 1907 

H. L. Curtis 217 East, phone 2° 

According to Maxwell’s electromagnetic theory, the velocity of ligh: 
can be determined from the ratio of the electrostatic electrical units to 
the electromagnetic electrical units. Rosa and Dorsey measured th 
capacitance of this condenser in electromagnetic units. They com 
puted the capacitance in electrostatic units. From these measurements 
and from later absolute determinations of the electromagnetic ohm the 
value of the velocity of light obtained by this apparatus becomes 
299 790 kilometers per second. The latest value for the velocity of 
light obtained by direct measurement by Michelson is 299 796 kilo- 
meters per second. This exhibit is located in a glass case in hall on 
second floor of East building. 





APPENDIX 


ART GALLERIES AND MUSEUMS 
(A suggestion for Sunday) 


Many members of the Optical Society have a general interest in art; a few have a pro- 
fessional interest. At the Cleveland and Boston meetings, the Society in a body, enjoyed very 
pleasant visits to the art museums; and one session for the reading of papers was held at the 
Boston Museum. It has not seemed feasible to arrange such visits en bloc for this Washington 
meeting. To make partial amends for this shortcoming in the program the following sug- 
gestions and information are submitted. 

Particular attention is invited to the art treasures which have only recently been placed 
on public view in Washington—the “W. A. Clark Collection” formally opened at the Corcoran 
Gallery, March 10, 1928. Other galleries of interest are The Freer and The National. Mem- 
bers who have the time will find that they can spend a very pleasant and profitable Sunday 
visiting these galleries. 

THE CORCORAN GALLERY OF ART 


Seventeenth St. and New York Avenue. 

Open Sunday 2:00 to 5:00 p.m. 

Visitors at this time will find two outstanding features of interest—The W. A. Clark Collec- 
tion and the Eleventh Exhibition of Contemporary American Oil Paintings. 

The W. A. Clark Collection, bequeathed to the Corcoran by W. A. Clark, and valued at 
approximately $5,000,000, is housed in a beautiful new wing designed for this purpose by 
Charles A. Platt. It contains many paintings by famous “Old Masters” ;a large group by the 
French Barbizon School; portraits by the famous English School; an extensive collection of 
antique rugs; Gothic, Goeblin, and Beauvais tapestries; period rooms of furniture; Italian, 
French and Flemish laces; Etruscan, Grecian, and Egyptian antiquities; Old Delft ware; 
sculptures; stained glass windows; and other art treasures. 

The Eleventh Exhibition of Contemporary American Oil Paintings opens on October 28. 
These exhibitions, held biennially, rank among the most important exhibitions of this charac- 
ter in America; and afford an exceptional opportunity to study the work of living American 
artists. It is at these exhibitions that the W. A. Clark Prizes, aggregating $5,000 at each 
exhibition, are awarded. 


THE FREER GALLERY OF ART 


The Mall near the Smithsonian Institution. Open Sunday from 9:00 a.m. to 4:30 P.M. 
An extensive collection of Whistler’s work, including the famous “Peacock Room.” Paint- 
ings by Abbott Thayer. A large collection of oriental art. 


THE NATIONAL MUSEUM 


Arts and Industries Building, Natural History Building, National Gallery of Art, The 
Mall near the Smithsonian Institution. Open Sunday from 1:30 to 4:30 p.u. The National 
Gallery of Art is housed temporarily in the Natural History Building. 
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